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PREFACE 


In  1925  the  author  published  a  textbook  of  general  botany,  the 
greater  part  of  which  was  "devoted  to  the  physiology,  morphol¬ 
ogy,  and  reproduction  of  seed  plants.  ”  This  book  was  small,  and 
perhaps  better  adapted  to  a  semester  than  to  a  full-year  course. 
It  was  very  well  received :  so  much  so,  that  a  number  of  users  of 
the  book  have  suggested  that  it  be  enlarged  to  meet  the  require¬ 
ments  of  a  full-year  course,  particularly  by  the  inclusion  of  an 
adequate  treatment  of  the  divisions  of  the  plant  kingdom. 

During  comparatively  recent  years  there  have  been  tremendous 
advances  in  our  understanding  of  the  interrelationships  of  various 
groups  of  plants  which  make  it  feasible  to  present  the  develop¬ 
ment  of  the  plant  kingdom  in  a  much  more  interesting  manner 
than  was  previously  possible.  A  comparatively  small  part  of 
this  new  understanding  is  reflected  in  modem  texts.  It  would 
seem,  therefore,  that  there  should  be  a  real  place  for  a  text¬ 
book  in  which  the  newer  knowledge  and  viewpoints  are  incorpo¬ 
rated  in  such  a  way  as  to  make  them  readily  understood  and  easily 
remembered. 

The  new  information  not  only  makes  the  plant  kingdom  more 
interesting  but  makes  it  possible  to  group  plants  in  such  a  way 
that  the  remembering  of  their  structures  and  life  histories  is  greatly 
facilitated.  When,  as  is  the  prevailing  custom  in  textbooks,  the 
direction  of  evolution  in  the  green  algae  is  illustrated  by  such  het¬ 
erogeneous  mixtures  as  Protoccoccus,  Ulothrix,  Spirogyra,  Oedogo- 
niumf  and  Vauchena,  it  is  no  wonder  if  students  find  it  difficult  to 
remember  the  contrasting  details,  or  if  they  fail  to  be  greatly  im¬ 
pressed  by  the  use  of  these  forms  as  a  proof  of  an  evolutionary 
process. 

Ample  illustrations  are  a  great  help  in  the  study  of  plants.  The 
use  of  actual  specimens  is,  of  course,  indispensable.  In  teaching, 
illustrations  are  also  necessary  and  have  essential  roles  for  which 
it  is  impracticable  to  employ  actual  specimens.  It  is  not  possible 
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to  have  available  at  the  proper  time  all  the  desired  stages  of  the 
various  plants  which  are  to  be  presented,  and  it  is  usually  im¬ 
practicable  to  have  more  than  a  small  proportion  of  them.  Wliile 
the  student  may  examine  specimens  in  tlie  laboratory  or  the 
classroom,  they  are,  for  the  most  part,  not  available  for  home 
study  and  review.  Descriptions  without  figures  are  wholly  inade¬ 
quate  for  a  real  understanding.  It  follows  that  illustrations  should 
be  very  ample  if  a  student  is  really  to  understand  the  material 
presented  to  him  in  the  text.  In  this  book  the  various  details  are 
fully  illustrated. 

In  teaching  the  plant  kingdom,  it  was  for  years  the  custom  to 
use  what  was  known  as  a  type  course  in  wdiich  different  groups 
were  represented  by  types,  and  students  were  taught  practically 
nothing  more  than  the  types.  After  a  time  it  became  evident  that 
this  method  was  unsatisfactory,  as  it  presented  only  certain  indi¬ 
vidual  plants  and  not  the  plant  kingdom;  and  tlie  method  has 
been  variously  modified.  It  is  perhaps  impossible  and  undesirable 
to  get  entirely  awiiy  from  the  system  of  types,  or  at  least  repre¬ 
sentatives,  because  no  students  c.in  learn  tlie  plant  kingdom  from 
generalities.  Knowledge,  after  all,  must  he  based  on  concrete 
facts;  and  in  botany  this  must  obtained  from  more  or  le.ss  in¬ 
timate  knowleilgc  of  individual  plants.  The  type  course  is  con¬ 
fined  to  a  few  plants;  it  iloes  not.  present  intermediate  forms;  it 
gives  no  idea  of  a  class  as  a  whole;  and,  particularly,  it  does  not 
present  a  true  perspective  of  the  developnumt  of  the  plant  king¬ 
dom.  It  is  not  possible  nor  is  it  necess.nry  to  know  all  tlu^  types 
of  the  different  groups  or  to  have  a.  thorough  know)c*dg(‘  of  all 
intermediate  forms.  In  this  book  the  main  iyfH's  have  lH*en  treated 
at  some  length,  while  variations  and  thf‘  principal  characters  of 
intermediate  forms  have  l>een  di.scusscd  much  mort'  brieilv,  often 
without  the  mention  of  nanuss.  F{»r  showing  a  range  of  forms,  n‘- 
fiance  has  l>een  placed  largely  on  illustrations  from  which  students 
may  be  expected  to  absorb  more  ideas  or  to  get  a  imndi  more  cor¬ 
rect  impression  than  would  lx?  possible  from  a  .short  and  inadecpiat-e 
description. 

The  amount  of  material  for  which  student.s  should  Ix^  held  re¬ 
sponsible  will  naturally  vary  with  the  length  of  the  course,  the 
previous  preparation  of  the  student,  and  various  otlier  factors. 
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A  casual  comparison  of  modern  texts  of  chemistry  and  physics 
with  those  of  botaiiy  gives  the  impression  that  those  of  botany  are 
rather  shorter  than  the  others,  and  the  experience  of  the  author 
indicates  that  it  is  within  the  ability  of  the  average  student  of 
botany  to  master  all  the  material  presented  in  this  book.  There  will 
be  those  who  will  think  it  desirable  to  give  less.  In  preparing  this 
text  the  author  has  had  these  in  mind,  and  also  those  who  have 
expressed  the  desire  to  use  it  as  a  text  for  a  semester's  course.  For 
this  reason  some  of  the  material  has  been  placed  in  small  type.  But 
it  is  believed  that  where  all  of  the  material  cannot  be  given,  the 
presence  of  the  material  in  small  type  will  be  very  useful.  Consid¬ 
erable  effort  has  been  expended  to  see  that  the  text  reads  as  a  con¬ 
nected  whole  whether  with  or  without  the  material  in  small  print. 
In  giving  courses  in  botany,  it  is  a  very  general  practice  of  pro¬ 
fessors  to  expand  the  material  in  the  text  and  to  make  liberal  use 
of  illustrations  and  illustrated  material.  While  no  text  can  entirely 
replace  this  valuable  contribution,  it  must  be  said  that  the  ideas 
which  students  get  are  often  imperfect  and  fleeting.  The  material 
in  small  print  has  much  the  same  relation  to  that  in  large  type  as 
a  professor’s  lecture  has  to  an  average  shorter  text.  A  student  who 
reads  it,  even  though  he  does  not  remember  the  details,  will  have 
a  much  clearer  idea  of  the  subject ;  just  as  he  would  after  listening 
to  a  professor’s  explanation.  It  can  be  used  in  various  ways.  The 
material  could  be  required  of  students  on  daily  or  weekly  quizzes, 
but  not  on  final  examinations.  A  student  might  be  required  to 
read  it  and  to  show  that  he  has  done  so  by  having  a  general  idea 
of  its  content ;  or  he  could  be  simply  advised  that  a  perusal  of  it 
would  add  greatly  to  his  understanding  of  the  subject. 

The  development  of  the  colonial  Volvocales  affords  a  good  example 
of  how  small-type  material  may  be  used.  Most  texts  mention 
only  one  or  two  members  of  this  series.  Unless  this  is  supple¬ 
mented  in  some  way,  it  is  hard  to  see  how  a  student  can  have 
any  real  idea  of  how  beautiful  and  complete  an  evolutionary  series 
there  is  in  the  Yohomlm,  In  this  text  the  initial  member,  Chlamy- 
domonas,  and  the  highest  type,  Vdvox,  are  treated  in  large  type, 
and  with  these  descriptions  goes  a  brief  statement  as  to  evolution 
from  the  one  to  the  other,  with  referen’ce  to  figures  of  intermediaie 
types.  Intermediate  membem  are  described  in  small  type  and  are 
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illustrated  in  figures.  A  student  who  reads  the  small  type  and  ex¬ 
amines  the  figures  should  have  a  good  backgroiiiid  for  an  under¬ 
standing  of  the  evolution  of  motile  colonies  even  though  he  does 
not  remember  the  names  of  any  of  the  individual  forms  or  exact  ly 
how  various  characters  are  combined  in  any  of  the  individual 
species. 

Facts  in  themselves  are  likely  to  be  dry  and  uninviting,  and  are 
never  so  interesting  and  stimulating  as  the  ideas,  thought,  and 
reasoning  which  are  based  on  tliem.  When  botani.sts  had  only 
a  very  hazy  idea  as  to  the  relation  of  the  members  of  sucli  a  group 
as  the  green  algae  and  were  groping  for  a  logical  system  of  clas¬ 
sification,  it  was  naturally  very  difficult,  to  present  tlie  .subject 
in  a  way  that  would  be  interesting  and  would  .stimulate  thought 
and  reasoning.  \¥ith  a  clearer  view  :is  to  relationship  it.  is  very 
much  simpler  to  direct  the  thoughts  of  stmh'ut.s  in  such  a  way  as 
to  develop  their  power.s  of  reasoning  and  (m.al)lt*  them  to  set'  sy.s- 
tem  and  order  in  the  plant,  kingdom.  In  most  t('xt books  of  botany 
discus.sions  of  relationship  and  the  tracing  of  evolution  are  either 
practically  omitted  or  givcm  very  bri('f  eonsideraf  ion.  In  this  hook 
an  attempt  has  been  made  to  in<*rease  the  interest  of  the  .^t\t(lents 
and  to  stimulate  their  naisoning  hy  discu.^sion,  ieularly  of  how 
groups  of  plants  are  relateil  oiu'  t-o  l.lui  otinu'  and  of  the  dilTerent 
courses  which  evolution  has  takcm. 

In  various  places  in  tlu^  t.(‘xt  it  is  shown  thtil-  o\ir  knowh'dge 
is  incomplete  sind  that  in  some  c.ases  dilTt*rent  authorities  place 
various  interpretations  on  the  kmtwn  facts.  Any  confusion  which 
may  re.sult  in  the  mind  i>f  tint  student,  will  be  mon*  tliaa  ofT.'^et  by 
the  truer  jHW.sjMaddve  tliai  this  mefiu.)tl  slunild  give,  (arntroversial 
subjects  are  usually  discussed  in  small  tyfau 

Very  considerable  can‘  has  Is'Cn  taken  will),  Ibe  illu.sf rations. 
If  a  student  is  expecUai  to  develop  his  puwtms  of  tjb.servaiion  or 
to  make  accurate  drawings,  tho.se  in  hi.s  text  should  he  of  the 
quality.  A  large  numlxT  of  illustrations  dealing  witli  th«‘  divisituis 
of  the  plant  kingdom  have  lunm  taken  from  th<‘  original  writings 
of  botanists  of  high  standing.  Most  of  them  have  Uaui  retlr.'twn; 
this  has  l>ecn  necessary  for  the  sake  of  chairiiess,  as  original  ilhm- 
trations  are  often  in  colors,  or  are  reproduced  in  smd}.  .style, 
or  are  of  such  a  size,  as  not  to  Ik‘  suitable  for  direct  rt'produetion 
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in  a  text.  The  word  "After”  is  used  to  indicate  an  illustration 
redrawn  from  the  original  source.  In  a  few  cases  drawings  have 
been  modified  to  allow  for  such  obvious  things  as  shrinkage  of 
protoplasm,  or  made  slightly  diagrammatic  in  order  that  they 
might  be  more  understandable.  Except  where  such  facts  are 
noted,  the  reproductions  are  as  near  like  the  originals  as  it  has 
been  feasible  to  have  them  made.  In  reproducing  a  few  of  the 
reconstructions  from  fossils,  slight  liberties  have  been  taken  with 
such  things  as  shading. 

More  than  half  of  the  illustrations  in  this  book  are  drawings 
made  especially  for  it.  The  others  are  taken  from  "A  Textbook 
of  General  Botany.”  In  that  book  acknowledgment  is  made 
to  ail  those  who  assisted  me  in  the  making  of  the  drawings,  I  take 
this  occasion,  however,  to  express  my  thanks  again  to  the  follow¬ 
ing  who  were  my  students  at  the  time  they  made  very  excellent 
drawings  for  that  text  and  who  are  now  on  the  staffs  of  various 
institutions  of  learning :  Dr.  Jos6  K.  Santos  drew  Figs.  10,  13,  19, 
28,  39,  40,  41,  43,  48,  50,  58,  126,  143,  144, 164, 165,  166,  197,  198, 
200,  203,  225,  227,  230,  324,  362,  379,  380,  382;  Dr.  Maria  Pas¬ 
trana  Castrense,  Figs.  42,  55,  56,  57,  59,  73,  74,  82,  92,  103,  106, 
107,  130,  149,  151,  157,  158,  161,  162,  207,  208,  209,  221,  226,  228, 
231,  232,  240,  285,  333,  342,  345,  347,  352,  356,  357,  358,  360,  361, 
367,  389,  418,  419,  432,  444,  504,  508,  516,  517,  525  (left),  566,  57t), 
584,  742,  743,  761,  781,  934;  Professor  Maria  B.  Gutierrez,  Figs. 
22,  26,  27,  30,  32,  47,  53,  61,  72,  79,  96,  114  (left),  115,  128,  167 
(right),  168,  169,  170,  171,  220,  284,  289,  323,  327,  329,  332,  337, 
660,  670,  696,  803  (left),  804;  Mr.  Gregorio  T.  Velasquez,  Pigs. 
112,  790,  794,  795,  897, 997,  999, 1004  (right),  1005 ;  Mr.  Edilberto 
Karganilia,  Figs.  34,  36,  46,  98,  105,  420,  544  (left) ;  Mrs.  Maria 
Tolentino  Vallarta,  Figs.  14,  310,  681,  763,  812,  814,  815,  817; 
Mr.  Juan  Pascasio,  Figs.  159,  363,  368,  816,  842;  Miss  Ursula 
Uichanco,  Fig.  824. 

I  wish  here  to  express  my  indebtedness  for  photographs  to 
Dr.  William  S.  Copper,  Dr.  Forest  Shreve,  Dr.  George  E.  Nichols, 
Professor  D.  A,  Herbert,  Dr.  George  H.  Shull,  Mr.  Frederick  V. 
Coville,  Dr.  W.  W.  Garner  and  Mr.  H.  A.  Allard,  Dr.  H.  Otley 
Beyer,  Dr.  H.  H,  Bartlett,  Dr.  C.  Sfcottsberg,  and  the  Bureau  of 
Science,  Manila. 


I  am  particularly  indebted  to  Dr.  Josd  K.  Santos,  head  of  the 
Department  of  Botany,  University  of  the  Philip|)ines,  whose  en¬ 
couragement  was  really  responsible  for  my  undertaking  tlie  prep¬ 
aration  of  the  book,  Dr.  Santos  has  been  of  great  assistance  in 
many  respects,  particularly  in  the  furnishing  of  \'arions  materials 
for  illustrations  and  in  the  making  of  illustrations.  Dr.  Santos 
suggested  the  inclusion  of  Figs.  325,  325,  and  32S,  and  made  the 
drawings  for  them.  He  also  suggestrai  t.he  inelusitm  of  Figs.  17 
and  127  and  designed  the  illustrations. 

I  am  also  greatly  indebted  to  Dr.  Joaciuin  Marahon  for  very 
valuable  suggestions  and  criticisms  in  the  preparation  of  the  text. 
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The  Plant  Kingdom 

CHAPTER  I 

INTRODUCTION 

Botany  is  the  science  which  deals  with  plants.  Science  may  be 
defined  as  knowledge  which  is  generally  accepted  because  it  has 
been  proved  to  be  true  and  which  has  been  classified  and  arranged 
so  as  to  demonstrate  general  truths  or  the  operation  of  natural 
laws. 

The  aim  of  botany  is  not,  therefore,  the  accumulation  of  iso¬ 
lated  facts,  but  to  demonstrate  the  general  laws  which  underlie 
the  development,  composition,  and  activities  of  the  plant  world. 
In  its  broadest  sense,  botany  may  be  said  to  include  all  the  sys¬ 
tematized  knowledge  of  plants.  The  field  covered  by  botany  is 
so  extensive  that  no  man  can  hope  to  be  intimately  acquainted 
with  all  its  branches,  and  so  botanists  usually  work  in  a  limited 
part  of  the  field.  Botany  is  often  divided  into  a  number  of  sub¬ 
ordinate  sciences  such  as  systematic  botany  (the  classification  of 
plants  according  to  their  relationships),  morphology  (the  structure 
of  the  different  parts  of  plants),  physiology  (the  functions  of 
plant  organs),  plant  geography  (the  distribution  of  plants),  ge¬ 
netics  (which  deals  with  inheritance  and  variatiorO,  and  applied 
botany,  which  embraces  agriculture,  horticulture,  forestry,  phar¬ 
macognosy,  bacteriology,  plant  pathology,  etc. 

The  study  of  botany  is  useful  for  its  general  educational  value 
as  well  as  for  its  practical  applications.  Plants  are  probably  the 
most  conspicuous  elements  in  the  natural  environment  of  most 
people,  and  it  is  through  plants  that  a  large  part  of  the  human  race 
comes  most  frequently  in  contact  with  nature.  The  cultural  value 
of  botanical  study  is  very  great.  Plants  are  living  things,  and  in 
them  we  can  conveniently  study  many  of  the  natural  laws  which 
deal  with  life.  Plants  are  wonderful  objects  for  observation  and 
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experimentation.  A  siiuiy  of  the  development:  of  plants  through 
the  agevS,  their  intricate  structure,  and  their  wonderful  adjustment 
to  their  surroundings  affords  great  intellectual  delight..  Perhaps 
the  greatest  advantage  of  botanical  study  is  the  develojDinent  of 
the  student  himself.  The  study  of  botany  is  i)articul{irly  useful 
in  developing  powers  of  obsfU'vation  and  is  mo.st  vahuible  in  giving 
students  scientific  methods  of  tliought.  The  student  lias  excellent 
opportunities  for  making  scientific  observation  and  dra\ving  con¬ 
clusions  along  scientific  lines.  Such  training  is  most  useful  in 
dealing  with  tlie  affaii's  of  life. 

The  practical  uses  of  botany  and  the  applications  which  one 
may  make  of  them  are  very  diverse  and  far-reaching.  The  food 
of  all  animals,  including  man,  comes  from  plants,  either  directly 
or  through  other  animals,  idants  furnish  us  much  of  the  material 
from  which  our  clothes  aix'  madtu  They  also  supply  us  with  the 
wood  that  we  use  for  fuel,  for  making  furnituri*,  for  building  hou.'^es, 
and  for  many  oUku-  purposes.  They  ftirnisii  us  with  numberless 
valuable  prodmds,  sueh  as  many  kinds  of  meilieinc,  |K‘rfume.'^.  pa|K‘r, 
etc.  In  brcatliing,  animals  take  in  oxygen.  This  is  (‘ombiiH'd  with 
carbon,  forming  carbon  dioxide,  which  is  exhoh'd.  All  the  avail¬ 
able  oxygen  would  soon  \h'  I'xhausted,  and  all  animalsextenninate<l, 
if  it  were  not  for  th(‘  fact  that  plant.s  take  in  carbon  dioxide,  utilise 
the  carbon,  and  lilMU-ati'  the  tixygmi. 

Even  the  remains  of  {ilant.s  that  have  long  Ihhui  deatl  are  us(*ful 
to  man.  Among  these  is  coal,  whie.h  is  used  for  find,  and  whicli 
also  yields  gas,  coke,  and  coal  tar.  The  Inst  nanasl  i.s  the  ba>is 
of  the  syntheti('-<lye  iialustry  and  tlu'  semrec'  of  many  valuable 
medicines  and  other  useful  [U’oduets. 

As  human  life  is  so  intimately  eoimeeted  with  plants  and  de¬ 
pendent  upon  them,  it  is  only  natural  that  heUany  should  he  a 
subject  <if  great  interest  ;  anti  it  would  s(*em  that  nil  t'dueated 
pctrsons  shtndd  have  some  knowletlg<‘  of  it.  if  only  for  th<‘  purpo.Ho 
of  understanding  iKdter  ho  important  a  part  td  their  environment 
aa  the  vegetable  kingdom.  Such  kxunvletlge  can  hardly  fail  tt?  give 
one  a  keener  appreciation  and  enjoyment  of  nature. 

While  botany  luis  great  cultural  vahH\  the  scitmet'  is  evtm  nitsre 
important  on  account  of  its  uwdul  jipfplieatitins,  I'ht*  apfdied 
branches,  winch  are  sometimcB  known  as  eeonoxnic  botany,  are 
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the  most  practical  parts  of  the  subject,  but  the  theoretical  branches 
also  are  useful.  Although  some  of  the  applied  branches,  such  as 
agriculture,  horticulture,  and  forestry,  have  long  since  been  sepa¬ 
rated  from  the  parent  science,  their  scientific  application  is  de¬ 
pendent  upon  a  knowledge  of  the  fundamental  principles  of  botany, 
and  these  applied  branches  have  been  continually  improved  by  the 
employment  of  new  principles  discovered  in  the  more  theoretical 
fields.  A  knowledge  of  botany  is  useful  not  only  to  those  engaged 
in  the  applied  branches  but  also  to  everyone  in  daily  life.  It 
teaches  us  the  values  of  different  kinds  of  food  and  enables  us  to 
understand  and  control  such  processes  as  the  spoiling  of  food,  the 
decay  of  wood,  the  contamination  of  water  supplies,  and  the  mold- 
ing  of  leather.  Many  uses  will  be  evident  as  the  student  acquires 
familiarity  with  the  subject. 


Pin-uts,  likr  animuls,  are 
livinu;  and  breathing  or- 
ganisnis  eharaclerized  by 
growth  and  repnuluetion, 
bike  animals,  plants 
range  in  size  fruin  very 
largt*  spe('.ie,s  tn  minute 
ones  that  ran  b(*  .st'en  only 
with.  (h(*  aid  of  a  miero- 
seopf'.  In  dealing  witti  the 
largi'r  and  inor(^  etuispieii- 
oiis  kinds  it  is  very  easy 
to  tell  whether  a  given 
organism  is  an  nniinid  or 
a  plant.  1'his,  however,  ia 
not  th(‘  e.'use  witli  all  small 
spt'cies,  and  there  are 
whole  grtnips  of  organisms 
whieh  have  tH‘ei>  rega.nled 


Frc,  1,  Ao  eggplant  with  roots,  .ttent,  le«vet, 
flowers*  fralt,  (Plant  X  i,  stofle  flower 
X I) 


by  zoologists  as  anirnala 
and  by  botanists  us  I'dants. 
At  this  piare  it  would 


therefore  l>c  difficvilt  to  give  an  understandable  defmitiuti  that 


would  include  all  plants  and  exclude  all  aninnilH. 

Plants  not  only  vary  from  very  inintde  sra'cies  to  tret's  which 
reach  trernendous  heights,  but  an?  also  v(‘ry  divt'nw?  in  sIu^k?  and 
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structure.  ■  The  small  ones  are  very  different  in  form  from  the  aver- 

aaaf  projections  known  as  flagella 

is  til  We^  T  ‘°  ‘heir  siae. 

AS  tne  larger  and  more  complex 

plants  are  the  ones  that  are  most 

familiar  and  most  conspicuous, 

the  first  part  of  this  book  will  be 

devoted  to  them.  The  typical 

higher  plant  is  an  organism  with 

roots,  flowers,  leaves,  one  or  more 

stems,  and  roots.  Fig.  1  represents 

these  various  parts  in  the  case  of 

an  eggplant.  Except  where  other 

plants  are  specifically  mentioned, 

statements  in  the  first  part  of  this 

book  will  refer  to  these  higher  or 

flowering  plants. 

Leaves.  The  green  color,  which 
is  due  to  the  presence  of  a  green 
coloring  matter  called  chlorophyll, 
is  one  of  the  most  important  char¬ 
acteristics  of  the  typical  higher 
plant.  Chlorophyll,  in  the  pres¬ 
ence  of  sunlight,  enables  the  plant 
to  manufacture  sugar  from  carbon 
dioxide  (a  gas  found  in  the  air) 
and  water  (obtained  from  the  soil). 

The  sugar  is  the  starting  point 
from  which  all  the  complex  chemi¬ 
cal  compounds  found  in  the  plant 
|re  built.  The  roots  of  the  plant 
take  from  the  soil  not  only  water 

compounds  which  are  also  used 
riak  complex  and  important  plant  mate- 

nals.  The  manufacture  of  sugar  from  carbon  dioxide  and  water  is 

the  chief  function  of  the  leavpH  nf  a  nian^-  T’k* 
as  photomthe^ 


^ -  A  tropical  orchid  (Dendro^ 

biumanosmum),  attached  by  means 
of  its  roots  to  the  trunk  of  a  tree. 

(Xi) 
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Animals  do  not  possess  chlorophyll  and  are  unable  to  build  up 
their  food  substances  from  carbon  dioxide,  water,  and  simple 
mineral  salts,  but  are  dependent  upon  plants  for  food  which  has 
already  been  elaborated.  Plants  can  and  usually  do  remain  in 
one  place,  where  they  absorb  all  the  substances  wliieh  they  re- 
quire.  Animals,  on  the  other  hand,  must  either  move  al)out  in 
search  of  food  or,  as  is  the  case  with'  many  marine  animals  whos(5 
food  comes  to  them  in  the  water,  have  it  brought  to  them.  This 
difference  in  the  method  of  obtaining  food  appears  to  be  respon¬ 
sible  for  many  of  the  distinctions  between  the  more  complex  |.)lants 

and  animals. 

Roots.  The  roots  of  most 
plants  are  in  the  ground,  al¬ 
though  there  are  many  plants, 
particularly  in  the  tropics, 
which  grow  on  other  plants 
or  on  rocks  and  have  their 
roots  in  the  air  (Fig.  2).  The 
chief  functions  of  the  roots 
are  to  absorb  water  and 
mineral  matter  and  to  Iiold 
or  anchor  the  plant  in  place. 

Fic.  3.  A  flower  of  an  eggplant,  split  to  Stems.  Ihest(un  s^Tve.s 

show  parts.  (  X  1^)  ^  support  for  the  leavt^s, 

flowers,  and  fruits;  for  the 
transport  of  water  and  mineral  matter  from  the  root.H  to  tlu^  k'iive.s 
and  other  organs;  and  for  conducting  manufactured  food  from  the 
leaves  to  other  parts  of  the  plant. 

Flowers.  In  the  flowers,  male  and  female  elements  unil(‘  in 
sexual  reproduction,  a  process  which  is  very  similar  in  both  plants 
and  animals.  This  process  in  plants  is  dependent  on  th(‘  transfer 
of  small  usually  yellow  grains  called  pollen  from  suc.s  known  as 
anthers  to  the  pistils,  which  contain  the  female  elements  known 
as  eggs.  The  pollen  is  in  many  cases  transferred  by  wimi,  or  by 
insects  which  are  attracted  by  the  color  or  odor  of  the  flowers. 

The  various  parts  of  the  flower  of  an  eggplant  are  shown  in 
itig.  6.  In  the  drawing  the  flower  is  represented  as  split  down 
one  side  to  show  the  different  organs.  The  conspicuous  expanded 


All  parts  of  the  plant  have  separate  functions,  but  all  contribute 
to  what,  after  all,  is  the  main  function  of  the  plant,  the  production 
of  offspring.  The  success  of  the  plant,  if  we  look  at  it  from  the 
standpoint  of  the’ plant  itself,  depends  not  on  its  size  or  beauty  but 
on  its  power  to  reproduce  its  kind  and  occupy  territory.  The 
leaves  contribute  toward  this  end  by  manufacturing  food  used  in 
the  seii ;  the  stems,  by  giving  support  to  the  leaves  and  reproduc¬ 
tive  structures ;  the  roots,  by  absorbing  water  and  mineral  matter 
and  anchoring  the  plant  in  place ;  and  the  flowers,  by  producing 
the  seed. 

Environment.  ,We  have  seen  that  a  typical  higher  plant  is  an 
organism  with  leaves,  stems,  flowers,  and  fruits,  all  of  which  are 
in  the  air,  and  roots,  which  usually  grow  in  the  soil.  In  discussing 
the  environment  of  a  plant,  therefore,  we  have  to  consider  the 
component  parts  of  the  air  and  of  the  soil. 

Air.  The  air  is  a  mixture  of  gases.  The  principal  gases  in  this 
mixture  are  colorless,  tasteless,  and  odorless,  so  that  we  cannot 
see,  taste,  or  smell  them.  The  principal  gases  of  the  atmosjjlu're 
are  nitrogen,  oxygen,  carbon  dioxide,  and  water  vapor.  Ni<rog(‘n 
constitutes  about  four  fifths  of  the  air,  and  oxygen  about  oru'  flf(h. 
Carbon  dioxide  is  always  present  in  small  quantitie.s  (al>oui  XYA  p(>r 
cent),  while  water  vapor  occurs  in  varying  quantities,  dfqx'nding 
on  the  circumstances. 

In  respiration  (breathing),  plants  and  animals  take  in  oxygen ; 
without  it  they  could  not  carry  on  respiration  and  .so  wouhi  .soon 
die.  Respiration  is  performed  in  all  the  living  parts  of  plant  .s  and  is 
just  as  important  for  plants  as  for  animals.  We  can  see  t  hi.s  readily 
in  the  case  of  seeds,  which,  if  deprived  of  oxygen,  will  notgerminaf<a 

Carbon  dioxide,  as  we  have  seen,  is  used  by  plant.s  for  t  iu^  mami- 
faeture  of  sugar. 

The  water  vapor  in  the  air  is  also  an  important  factor  in  tla^ 
environment  of  plants.  The  principal  constituent  of  the  livijig 
parts  of  plants  is  water,  and  plants  expose  rnoi.st  surfa(a?H  (o  the 
air.  When  water  or  a  moist  surface  is  expowai  to  the  air,  some 
of  the  water  is  changed  to  water  vapor  and  mixes  with  the  air. 
This  process  is  known  as  evaporation.  If  a  small  amount  of  water 
IS  left  in  an  uncovered  glass,  we  know  that  the  water  evaporates 
and  leaves  the  glass  dry.  We  also  see  the  result  of  evaporation 
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when  we  dry  wet  clothes.  The  rate  of  evaporation  depends  in  part 
on  the  amount  of  water  vapor  in  the  air.  We  are  familiar  with  the 
fact  that  when  the  air  is  wet  it  takes  much  longer  for  anything  to 
dry  than  it  does  when  the  air  is  dry.  In  other  words,  as  the  amount 
of  water  vapor  in  the  air  increases  the  rate  of  evaporation  decreases, 
because  moist  air  will  take  up  less  water  than  will  dry  air.  The 
moist  surfaces  of  plants,  like  any  other  moist  surfaces,  l#e  water 
by  evaporation.  The  evaporation  of  water  from  plants  is  known 
transpiration  ]  it  is  a  very  important  process  from  the  stand¬ 
point  of  the  plant,  and  one  that  we  shall  examine  in  considerable 
detail  in  a  later  chapter.  The  rate  of  transpiration  will  naturally 
be  influenced  by  the  amount  of  water  vapor  in  the  air,  the  rate 
decreasing  as  the  quantity  of  water  vapor  in  the  atmosphere  in¬ 
creases.  If  a  plant  continues  to  lose  water  faster  by  transpiration 
than  it  can  obtain  it  from  the  soil,  the  plant  will  wilt  and  finally 
die.  It  is  for  this  reason  that  many  delicate  plants  cannot  be 
grown  in  places  where  the  air  is  very  dry,  as  they  would  dry  up 
and  die  from  excessive  loss  of  water.  The  amount  of  water  vapor 
in  the  air  is  not  the  only  factor  which  affects  the  rate  of  evapora¬ 
tion,  as  the  rate  is  increased  by  wind,  heat,  and  light. 

Soil.  The  soil  is  composed  of  small  rock  particles  mixed  with 
varying  quantities  of  decaying  organic  matter.  Between  the  par¬ 
ticles  are  spaces  which  usually  contain  air.  The  air  in  these  spaces 
is  very  essential  to  plants,  as  it  contains  oxygen  which  enables  the 
roots  to  carry  on  respiration. 

The  soil  particles  are  surrounded  by  thin  films  of  water.  The 
roots  of  plants  absorb  water  from  these  films.  In  very  wet  soil 
the  spaces  between  the  soil  particles  may  be  filled  with  water. 
This  is  a  very  bad  condition  for  most  crops,  as  the  water  keeps 
the  air  out  of  the  spaces  and  the  soil  then  contains  too  little 
oxygen  for  the  roots  of  most  plants. 

f  The  soil  particles  are  composed  of  a  number  of  different  com¬ 
pounds.  Small  quantities  of  these  go  into  solution  in  the  water 
around  the  particles  and  pass  into  the  roots  of  plants.  The  ele¬ 
ments  which  are  necessary  for  plants  in  general  and  which  are  ob¬ 
tained  from  the  soil  are  nitrogen,  phosphorus,  sulfur,  calcium,  iron, 
potassium,  and  magnesium,  with  extremely  small  quantities  of 
some  others  such  as  manganese. 
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The  elements  oxygen,  hydrogen,  and  carbon  are  veiy  impoi  taut 
constituents  of  plants.  Hydrogen  is  obtained  from  water,  oxygen 
from  both  water  and  the  air,  and  carbon  from  the  carbon  dioxide 
in  the  air.  The  other  elements  needed  by  plants  are  taken  ironi 

the  soil.  ,  • 

Habit  and  habitat.  There  are  many  different  environments  in 

which  ^^feints  grow,  and  in  each  case  the  plants  aie  fitted  bj  t  heii 
structure  for  their  particular  environment.  The  kind  of  environ¬ 
ment  in  which  a  plant  grows  naturally  is  known  a.s  its  habitat, 
while  the  form  of  the  plant  is  spoken  of  as  its  habit. 

Terrestrial,  aquatic,  and  epi¬ 
phytic  plants.  Plants  t.hat  grow 
in  the  ground,  as  is  the  case 
with  most  of  the  higher  plaiit.s, 
are  tmresirial  plants.  T1io.hc 
that  have  their  habitat  in 
water  are  known  as  aquatic 
plants,  or  aquMicc  (Figs,  5,  97, 
311).  If  they  are  Hubmergtai  in 
the  water,  they  are  submerged 
aquatics.  Those  ilmt  grow 
perched  on  other  plants  lint 
obtain  no  nourishinent  froiti 
the  plants  on  which  they  grow 
oxe  epiphytic  plants,  ov  epiphytes  (Figs.  2,  104,  233,  252,  255,  271, 
272).  In  cold  temperate  regions  the  epiphytes  arc  ino.sses  arul 
mosslike  plants  and  lichens.  In  warmer  region.s,  particularly  in 
the  moist  tropics,  many  flowering  plants  also  grow  as  cpifjhytis. 
Some  of  the  most  beautiful  of  the  orchids  Indong  to  llii.s  cias.'^ 
(Fig.  2).  Epiphytes  are  dependent  for  their  water  stipply  on  niin 
and  on  water  which  condenses  from  the  atmosphere. 

Xerophytes,  mesophytes,  and  hydrophytes,  idants  that 
fitted  for  growing  in  a  dry  habitat  are  known  as  leraphytcs  (h'igs, 
276-279).  The  cacti  are  good  examples  (Fig.  277).  Tht'se  plants 
have  enlarged  stems  in  which  they  store  water  for  ub(‘  when  a 
sufficient  supply  is  not  available  from  the  ground.  Plant  s,  .'“-lU'h 
as  aquatics,  which  can  grow  only  under  very  wet  conditioiyi  arc 
hydrophytes.  Most  plants  are  not  specialized  to  grow  in  cither 


Fig.  5.  A  floating  aquatic  plant  {Pis- 
tia  stratiotes)  that  is  found  in  the  trop¬ 
ical  and  subtropical  regions  of  both 
hemispheres.  (  X  -1) 


Fig.  ?♦  Flower  and  bnds  of  Rafflesia  manillana,  a  true  parasite  on  the  roots  of 

a  Cissus  vine 

Rafflesia  has  no  regular  leaves  or  stem,  the  flowers  growing  directly  from  the 
roots  of  tiie  host.  Another  species  of  Rafflesia,  R.  anioldi,  has  the  largest  known 
flowers,  these  being  about  a  meter  in  diameter 
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dry  or  very  wet  habitats,  but  thrive  under  conditions  intermediate 
between  these  two  extremes  (Fig.  6).  Such  plants  are  nmophytes ; 
they  include  the  great  majority  of  cultivated  plants,  such  as  beans, 
tomatoes,  corn,  sejuashes,  etc. 

Parasites  and  saprophytes.  While  most  plants  manufacture 
their  own  food,  there  are  many  which  live  on  food  that  has  alrtawiy 
been  el^orated.  Those  plants  that  send  absorbing  organs  into 
living  plants  from  which  they  draw  their  nourishment  are  para- 


Fic.  8.  Two  species  of  tropical  mistletoe  which  are  hemiparatilei 

Left,  Visernn  orientale,  the  root  of  which  forma  a  singk'  haiiatorium  ('ahmirhinK 
organ).  Right,  Loranihus  philippemu,  the  roots  of  whi<^h  grow  on  tho  Hurfiiu:o 
of  the  host  and  send  many  haustoria  into  it 

sites  {YigB.  7 ,  189,60).  As  true  parasites  do  not  contain  chloro¬ 
phyll  with  which  to  manufacture  the  food  they  napiire,  liu'y  tio 
not  have  the  green  color  of  chlorophyll  Some  planh;,  Imwevcr, 
have  absorbing  organs  by  means  of  which  they  obtain  materials 
from  other  plants,  and  at  the  same  time  posse.ss  chit)rophy!I  %vhich 
enables  them  to  manufacture  food.  Such  plants  are  hemiparnmie.^, 
of  which  the  mistletoe  is  a  good  example  (Fig.  8). 

Another  class  of  plants,  instead  of  manufacturing  their  fntxl, 
absorb  it  from  decaying  organic  matter.  These,;  are,'  .mpuiphytri^. 
Numerous  saprophytic  flowering  plants  obtain  their  food  friun 
decomposing  organic  matter  in  the  soil  (Fig.  9).  The.sct,  like  the. 
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parasites,  lack  chlorophyll  and  are  frequently  colorless;  they 
may  have  various  colors,  but  they  never  have  the  green  color  of 
chlorophyll.  The  most  numerous  of  the  para¬ 
sites  and  saprophytes  belong  to  the  lower  groups 
of  plants.  Most  of  the  bacteria  and  all  of  the 
fungi  either  are  parasitic  on  plants  or  animals 
or  are  saprophytic. 

Annuals,  biennials,  and  perennials.  Accord¬ 
ing  to  the  length  of  time  they  live,  plants  are 
designated  as  annuals,  biennials,  and  perennials. 

Those  that  live  for  only  one  year  or  a  single 
season  are  annuals ;  these  include  our  cereals, 
such  as  corn,  rice,  and  wheat,  and  many  of  our 
vegetables,  such  as  tomatoes,  cucumbers,  etc. 

Biennials  are  plants  that  live  during  the 
favorable  growing  periods  of  two  years,  and 
produce  seeds  and  die  during  the  second  year. 

Biennials  are  rather  numerous  in  temperate 
zones,  and  include  such  common  vegetables  as 
beets,  carrots,  and  cabbages.  Monotropa 

Plants  like  roses  and  cannas  that  live  from  (Indian  pipe),  a 
year  to  year  or  through  a  series  of  years  are  saprophyte  with 

.  7  colorless  leaves 

peTennials.  ^  ^ 


NAMES  OF  PLANTS 

Species.  In  dealing  with  the  very  large  number  of  plants  that 
occur  in  the  world  it  is  necessary  not  only  to  have  names  for  the 
various  species  but  also  to  have  a  system  of  classification  that 
groups  plants  together  according  to  their  similarities  and  relation¬ 
ships.  The  different  kinds  of  plants  are  regarded  as  different 
species,  and  each  kind  is  given  a  species  name,  or  specific  name. 
The  structure  of  the  flower  is  the  most  important  criterion  in  the 
classification  of  flowering  plants. 

Groups  of  plants.  In  classifying  plants  the  different  kinds 
(species)  are  grouped  into  genera,  families,  orders,  classes,  and 
divisions.  The  whole  plant  kingdom  is  divided  into  divisions,  one 
of  which,  the  Spermatophyta,  includes  all  seed  plants.  Divisions 
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are  subdivided  into  classes.  The  classes  of  the  Spermatophyia  are 
gymnosperms  (seed  plants  without  flowers  in  the  popular  sense) 
and  angiosperms  (flowering  plants).  The  monocotyledons  and 
dicotyledons  are  subclasses  of  the  flowering  plants.  An  order  m  a 
large  group  which  includes  plants  that  have  soiim'  prominent  char¬ 
acteristics  in  common  and  show  a  natural  relationsiiip  to  caclj 
other.  An  order  includes  one  or  more  related  families.  A  famtb/ 
is  therefore  a  subdivision  of  an  order  and  consi.sts  of  a  grou|)  of 
closely  related  genera,  although  a  family  may  contain  only  a  .‘tingle 
genus  if  this  genus  is  distinct  enough  from  ail  otliem  t.o  Ix'  put  into 
a  separate  family.  Usually,  however,  there  are  a  numljor  of  genera 
in  each  family.  A  genus  is  commonly  a  group  of  (‘lo.sfdy  ladfded 
species,  but  may  contain  only  a  single  specie, s.  A  sprrivs  represtml.s 
a  single  kind  of  plant,  the  individuaLs  of  which  diflVr  from  each 
other  only  in  minor  characters  which  are  bridged  o^'{‘r  liy  intfu- 
mediate  forms,  and  inmharacters  which  are  due  to  ago,  sex,  nu¬ 
trition,  individual  peculiarity  or  accident.s,  or  schaaivo  liroeiling 
by  man.  The  individuals  of  a  species  may  be  cros.s-pollinattal  and 
reproduce  the  same  kind  of  plant. 

Names.  The  species,  genus,  family,  and  order  have  t'ach  a  s(‘p- 
arate  name.  In  writing  the  name  of  a  plant  we  us(‘  the  gtaierit*  and 
the  specific  name.  The  generic  name  is  written  first  and  then  the 
specific  name.  The  generic  name  alway.s  begio.s  with  a  capit.-il  l(>t- 
ter.  In  a  practice  which  has  been  very  much  u.'^od,  a  speciile  aanu; 
is  always  begun  with  a  small  letter.  Alo.st  bolanists,  however, 
prefer  to  begin  the  specific  name  with  a  capital  IcMPm  if  that  tianie 
is  derived  from  the  name  of  a  person.  When  the  .'Specific  natue  is 
not  derived  from  a  proper  noun,  it  always  Ix'gins  with  a.  small  loi¬ 
ter.  As  an  example  we  may  take  tlie  coctmui,  vhich  belongs  tu 
the  genus  Cocos  and  has  the  specific  nanu'  nurifem.  Wo  write 
first  the  name  Cocos  and  begin  it  with  a  capital  This  is  fol¬ 
lowed  by  the  name  nucifera  (meaning  "nnl-boaring''),  which  Is 
begun  with  a  small  n.  The  name  is  tlierefort^  writ  t  en  ( 'ern.v  ouedt  ra. 
As  another  example  we  may  take  the  cnltivati'd  cohais.  I'his  plant 
belongs  to  the  genus  Coleus  and  has  the  .s{K*ciflc  name  blumn.  In 
accordance  with  a  widely  accepted  usage  the  naim*  has  hoon  writ!  on 
Coleus  hlumei.  The  mme  hlumei  mm  given  in  Imnor  of  the  Dutch 
botanist  Blume.  Owing  to  the  derivation  of  the  name,  most  bota- 
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rusts  prefer  to  write  it  Blumei.  Specific  names  frequently  refer  to 
some  character  of  the  plant,  as  nucifera  (nut-bearing),  odorata 
(fragrant),  microphylla  (small- leaved),  pinnata  (pinnate-leaved). 
In  other  cases  the  name  may  be  derived  from  a  country,  as  ameri- 
cana ;  or  from  the  name  of  a  man,  as  hlumei ;  or  from  one  of  vari¬ 
ous  other  sources.  Generic  names  are  similarly  derived. 

The  idea  ''an  unidentified  species  of  the  genus  Agave”  is  ex¬ 
pressed  in  the  abbreviated  form  "  Agave  sp” ;  "  several  species  of 
Agave  ”  by  "  Agave  spp.” 

Generic  name.  The  generic  name  is  regarded  as  a  proper  noun 
and  is  applied  to  only  one  genus  in  the  whole  plant  kingdom.  It  is 
therefore  begun  with  a  capital  letter.  The  specific  name  is  not  a 
proper  noun  and  may  be  applied  to  a  single  species  in  each  of  any 
number  of  different  genera. 

Specific  name.  Owing  to  the  fact  that  the  specific  name  may  be 
applied  to  a  large  number  of  species  in  different  genera,  the  specific 
name  is  never  correctly  used  except  in  connection  with  the  generic 
name.  The  generic  name,  on  the  other  hand,  may  be  used  alone, 
as  it  applies  to  only  one  genus.  As  an  example  we  may  take  the 
case  of  the  cannas.  These  plants  belong  to  the  genus  Canna,  so 
that  when  we  use  the  generic  name  Canna  it  has  a  definite  meaning, 
as  we  know  at  once  that  it  applies  to  the  cannas.  One  of  the  wild 
cannas  is  called  Canna  indica.  If  we  were  to  use  the  word  indica 
alone,  it  would  not  have  any  definite  meaning,  as  other  species  in 
different  genera  are  also  named  indica. 

Authority  for  name.  When  the  name  of  a  plant  is  written  for 
exact  scientific  determination,  it  is  customary  to  place  after  it  the 
name,  or  an  abbreviation  of  the  name,  of  the  man  who  gave  the 
specific  name  to  the  plant.  The  name  Cocos  nucifera  was  given  by 
Linnaeus,  who  is  regarded  as  the  father  of  systematic  botany.  His 
name  is  usually  abbreviated  L.  or  Linn.  When  exactness  is  re¬ 
quired,  the  name  of  the  coconut  should  be  written  Cocos  nucifera  L. 
or  Cocos  nucifera  Linn.  The  necessity  for  this  arises  from  the  fact 
that  in  the  development  of  botanical  classification  the  same  name 
has  been  applied  by  different  authors  to  different  plants. 

Advantages  of  scientific  names.  The  use  of  scientific  names  is 
necessary  in  order  to  have  names  that  will  be  generally  understood 
in  all  languages,  because  in  different  languages  the  same  plant 


usually  has  different  names.  Also,  the  use  of  scientilie  names  pre¬ 
vents  confusion  even  in  the  same  language,  as  in  different  regions 
the  same  common  name  may  be  applied  to  different  kind.s  of  plants, 
or  the  same  plant  may  be,  known  l)y  diffeixmf,  names.  A  very  good 
example  is  the  word  earn.  It  may  mean  any  small,  liard  .seed,  as 
that  of  the  apple,  coffee,  or  any  one  of  the  cereals,  as  wlieiit  or  rye. 
The  name  corn  is  also  used  speeificaJIy  for  an  important  cereal  crop 
of  a  given  region.  In  ICngland  it  is  applied  to  wheat  ,  in  Scot  land 
and  Ireland  to  oats,  and  in  the  United  Sttites  t;0  Indi.an  corn,  or 
maize.  It  will  be  seen  that  one  common  name  may  meiin  different 
things  to  different  people,  whereas  the  scientific  name  of  Indian 
corn,  which  is  Zea  inays,  has  the  same  meaning  to  any  botanist,  no 
matter  where  he  may  be. 

Advantages  of  two  names.  The  use  of  two  names  has  many 
advantages.  The  generic  name  .signifies  the  grouf)  (o  ^vhi(‘h  tlu? 
plant  belongs,  and  the  specific  name  the  individual  kind  nf  plant. 
When  the  two  are  msed  together,  we  inmu'diately  knnu  tha  in¬ 
dividual  plant,  and  we  also  have  an  idea  as  t,o  wh.ai  an*  its  clo.sest 
relatives.  Another  important  point  is  that  it  would  he  v(>ry  diiheult 
to  find  a  sufficient  numl)er  of  names  to  enal)]<'  us  to  giv(‘  a  different 
and  appropriate  one  to  each  specie's,  (h'lu'ra  are  much  less  numer¬ 
ous  than  species,  so  it  is  not  so  difficult  to  get  enough  names  for  the 
genera.  The  use  of  the  same  specifie,  name  in  many  genera  mak<*.s 
it  much  easier  to  find  a  sufficient  number  of  .aj)propriate  names  for 
the  different  species. 

The  earliest  books  on  the  classific.ation  of  jffant.s  in  w!n('h  our 
modern  system  of  names  wa,s  \ise.d  were  written  in  tlie  Latin  lan¬ 
guage,  and  at  the  present  time  it  is  customary  to  write  generic  and 
specific  names  with  Latin  endings.  For  this  rcniscm  they  are  re¬ 
garded  as  foreign  words  and  so  are  printed  in  italics  in  s(non\  ifie 
books  and  articles.  This  method  has  the  advantage  of  making  the 
names  more  prominent  and  shows  at  a  glance  what  plant.s  are  din* 
cussed  in  any  paragraph. 

People  often  think  that  the  scientific  names  of  plants  are  hard 
to  remember.  As  a  matter  of  fact  the  difficulty  does  not  lie  in  Uw. 
names  themselves  but  in  the  fact  that  they  arc  unfamiliar.  8cien- 
tffic  botanical  names  become  Just  as  simple  as  any  otiicr  name.s 
after  we  have  heard  them  a  few  times  and  they  have  lost  their 
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strangeness.  Certainly,  botanical  names  are  no  more  difficult  than 
many  names  such  as  carburetor,  camouflage,  and  superheterodyne, 
which  have  been  recently  introduced  into  the  English  language 
and  are  familiar  to  all.  As  a  matter  of  fact  a  very  large  proportion 
of  botanical  names  are  short  and  simple.  The  botanical  names  of  a 
great  many  familiar  plants  are  simply  the  names  by  which  these 
plants  were  known  to  the  Romans,  and  many  of  them  are  very 
much  like  English  common  names.  As  an  example,  the  rose  is 
Rosa;  pine  is  Pinus.  Anyone  who  looks  at  scientific  botanical 
names  without  prejudice  will  find  no  difficulty  in  mastering  them. 


CHAPTER  III 


THE  CELL 


When  a  portion  of  a  plant  is  examined  under  a  microscope,  it 
is  found  to  consist  of  a  number  of  small  boxlike  compartments 
called  cells.  A  typical  plant  cell  is  shown  in  Fig.  10,  and  a  section 
of  a  group  of  cells  in  Fig.  11.  A  plant  cell  is  sun-ounded  by  a  firm 

wall  called  a  cell  wall,  which  may 
be  regarded  as  a  container  in 
which  the  protoplasm,  or  living 
part  of  the  cell,  is  found.  Cells 
may  be  thought  of  as  the  funda¬ 
mental  units  of  all  living  things, 
whether  plants  or  animals.  The 
cell  is  the  smallest  unit  of  living 
matter  capable  of  continuous  in¬ 
dependent  existence  and  of  repro¬ 
duction.  Very  small  plants  or  ani¬ 
mals  may  consist  of  only  a  single 
cell,  while  large  individuals  are 
composed  of  a  great  many  cells. 
An  egg  of  either  a  plant  or  an  ani¬ 
mal  is  a  single  cell,  which,  by  divi¬ 
sion  and  growth,  develops  into  a 
mature  individual  of  its  species.  In 
highly  developed  plants  and  ani¬ 
mals  cells  become  specialized  for 
different  uses.  Thus,  ordinary  green  plants  have  some  cells  espe¬ 
cially  suited  to  the  absorption  of  water;  others,  to  the  conduc¬ 
tion  of  water ;  and  still  others,  to  the  manufacture  of  sugar  from 
carbon  dioxide  and  water.  The  special  characters  of  many  kinds 
of  cells  will  be  evident  after  a  study  of  the  parts  of  a  plant.  All 
living  cells  are  alike,  however,  in  their  fundamental  characteristics 

J8 


Fig.  10.  A  typical  cell  from  a  hair 
of  a  squash  plant.  (  X  180) 
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Cell  walls.  Cell  walls  are  important  not  only  because  they 
serve  as  containers  of  the  protoplasm  but  also  because  they  en¬ 
able  the  plant  to  assume  a  definite  shape.  If  it  were  not  for  the 
cell  wall  the  protoplasm,  being  liquid  or  semiliquid,  would  simply 
spread  out  on  the  ground,  as  would  any  other  liquid.  The  heart- 
wood  of  trees  consists  largely  of  thickened  cell  wails  of  dead  cells 
(Fig.  146).  If  a  piece  of  wood  is  examined  under  a  microscope,  the 
walls  of  the  individual  cells  can  be  readily  seen.  The  cell  wall  is 
typically  composed  of  cellulose^  which  is  a  chemical  compound 
having  the  formula  (CcHiaOs)^  and  be- 
longing  to  the  group  of  organic  compounds 
known  as  carbohydrates.  Cellulose  is 
hard  and  colorless,  absorbs  water  readily, 
and  is  insoluble  in  water.  Cotton  and  | 

filter  paper  are  very  good  examples  of  fc''" 

nearly  pure  cellulose.  Cellulose  is  well 
suited  to  the  formation  of  cell  walls,  be- 
cause  it  is  rather  hard  and  strong  and  | 
because  water  can  pass  through  it.  Owing 
to  its  hardness  and  strength  it  gives  firm-  ^  ^ 

ness  and  strength  to  the  cell  wall.  Since  Fig.  ll.  A  section  of  a 
water  is  one  of  the  essential  constituents 
of  plant  cells,  it  is  of  great  importance  that 

the  cell  wall  should  be  of  some  substance  through  which  water  can 
pass,  so  that  water  can  readily  enter  a  cell  or  pass  from  cell  to  cell. 

As  a  constituent  of  wood  and  of  fibers  such  as  cotton,  linen,  etc. 
cellulose  has  always  been  of  great  value  to  man.  Within  recent 
years  cellulose  as  a  chemical  substance  has  come  into  great  promi¬ 
nence  in  the  manufacture  of  such  articles  as  cellophane,  rayon, 
cellulose  lacquers,  high  explosives,  etc. 

Cells  that  are  specialized  for  certain  purposes  sometimes  have 
in  the  cell  wall  other  substances  in  addition  to  the  cellulose.  Cell 
walls  that  are  considerably  thickened,  so  as  to  give  great  strength, 
frequently  contain  a  substance  known  as  lignin.  Such  cells  are 
said  to  be  lignified.  Wood  is  composed  largely  of  lignified  cells 
Water  passes  through  lignin  very  readily,  so  that  the  addition  of 
lignin  strengthens  the  wall  without  greatly  interfering  with  the 
passage  of  water  through  it.  Cells  that  are  on  the  outside  of  plants 
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and  exposed  to  dry  air  frequently  have  their  outside  walls  impreg¬ 
nated  with  a  waxy  substance,  cutin.  Water  does  not  readily  pass 
through  such  cell  walls ;  consequently  the  walls  tend  to  protect  the 
cells  from  excessive  loss  of  water  due  to  evaporation.  A  layer  of 
cutin  is  frequently  found  on  the  outside  of  cells  that  are  exposed  to 
dry  air.  Such  a  layer  is  known  as  a  CMticle.  Stems  of  plants  are 
frequently  protected  from  high  rates  of  evaporation  by  the  de¬ 
velopment  of  coi'k.  The  walls  of  cork  cells  also  are  impregnated 
with  a  waxy  substance,  suherin,  which  is  impervious  to  water. 

A  cell  can  exist  without  a  cell  wall,  and  in  some  of  the  simpler 
plants,  at  certain  times,  the  protoplasm  escapes  from  the  cell  and 
surrounds  itself  with  a  new  cell  wall. 

Animal  cells  do  not  have  hard  cell  walls,  like  plants,  but  have  a 
soft  covering ;  in  some  cases  they  may  be  naked.  For  this  reason 
the  flesh  of  animals  is  soft,  while  the  form  of  large  animals  is  due 
to  a  considerable  extent  to  their  bones,  and  not  to  cell  walls,  as  in 
plants. 

Middle  lamella.  Between  two  adjacent  cell  walls  there  is  a 
thin  layer  known  as  the  middle  lamella,  which  cements  together 
the  two  cell  walls.  Ihe  middle  lamella  consists  largely  of  pectose 
or  calcium^  pectate.  Many  fruits  in  ripening  become  soft  and 
mushy,  owing  largely  to  the  disintegration  of  the  middle  lamella 
by  the  conversion  of  the  pectose  substances  into  pectic  acid.  Pec¬ 
tin,  the  material  which  causes  apple  jellies  and  similar  fruit  jellies 
to  set,  is  an  intermediate  product  between  the  pectose  substances 
of  the  cell  wall  and  pectic  acid. 

Protoplasm.  Within  the  cell  wall  is  found  the  protoplasm,  or 
living  part  of  the  cell  The  gray  material  in  Figs.  10  and  11  is 
protoplasm.  Protoplasm  is  usually  a  viscous  liquid  or  a  jelly. 
There  is  no  sharp  dividing  line  between  these  two  states,  and  the 
same  protoplasm  may  change  from  one  to  the  other.  The  liquid 
state  is  associated  with  a  more  active  condition.  Protoplasm  has 
a  slightly  grayish  color,  or  it  may  have  a  yellowish  tinge  due  to  in¬ 
cluded  food  particles.  It  is  usually  rather  transparent.  Included 
within  the  protoplasm  are  numerous  minute  granules,  many  of 
which  are  food  particles. 

Protoplasm  is  a  very  complex  mixture  of  various  substances 
dispersed  in  water.  Active  protoplasm  usually  contains  more  than 


90  per  cent  of  water.  In  some  cases,  as  in  seeds,  the  amount  of 
water  may  be  much  smaller,  and  the  protoplasm  becomes  rela¬ 
tively  hard.  In  such  cases,  however,  the  protoplasm  loses  most  of 
its  activity,  and  becomes  active  only  when  additional  water  is 
supplied.  Next  to  water  the  substances  which  are  present  in  great¬ 
est  amount  are  proteins.  These  are  very  characteristic  of  proto¬ 
plasm,  and  protoplasm  is  often  said  to  be  essentially  a  dispersion 
of  proteins  in  water.  Proteins  are  very  complex  chemical  com¬ 
pounds  with  large  molecules,  and  always  contain  the  elements 
carbon,  hydrogen,  oxygen,  and  nitrogen,  and  frequently  in  addi¬ 
tion  other  elements,  such  as  sulfur  and  phosphoi^us.  These  last 
two  elements  are  always  present  in  the  proteins  of  protoplasm. 
There  are  many  different  kinds  of  proteins  in  protoplasm.  The 
white  of  an  egg  is  a  very  good  example  of  one  kind  of  protein. 
Among  the  other  organic  compounds  found  in  protoplasm  are  fats 
and  carbohydrates  such  as  sugar.  Carbohydrates  are  compounds 
of  carbon,  hydrogen,  and  oxygen  in  which  the  hydrogen  and 
oxygen  are  usually  present  in  the  same  proportion  as  in  water; 
that  is,  two  molecules  of  hydrogen  to  one  of  oxygen.  A  consider¬ 
able  variety  of  inorganic  salts  are  also  found  in  protoplasm.  The 
materials  found  in  protoplasm  will  be  discussed  more  fully  in  a 
later  chapter. 

Colloidal  state  of  protoplasm.  The  proteins  are  dispersed  in 
the  water  of  the  protoplasm  as  particles  of  colloidal  size.  In  order 
to  understand  what  is  meant  by  a  colloidal  dispersion  in  water 
(sometimes  called  a  colloidal  solution)  we  may  consider  the  dif¬ 
ferences  between  a  suspension,  a  colloidal  dispersion,  and  a  true 
solution.  If  we  were  to  take  small  particles  of  soil  that  are  still  large 
enough  to  be  visible,  and  stir  them  in  a  vessel  of  water,  they  would 
become  suspended  in  the  water.  We  should  then  have  a  suspension 
of  soil  particles  in  water.  We  frequently  see  such  a  condition  in 
muddy  rivers  or  in  agitated  pools.  Each  soil  particle  is  composed 
of  many  molecules.  These  particles  would  settle  to  the  bottom  if 
the  water  were  to  remain  still  for  a  sufficient  length  of  time.  Each 
soil  particle  could  be  divided  into  two,  and  we  should  have  a  sus¬ 
pension  of  smaller  particles.  Theoretically  this  process  of  division 
could  be  continued  until  each  particle  would  consist  of  only  a  few 
molecules  and  finally  of  only  a  single  one.  The  last  condition  would 
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be  a  true  solution,  in  which  the  individual  molecules  of  the  soil 
would  be  dispersed  in  water.  When  we  put  a  little  sugar  in  water, 
the  sugar  seems  to  disappear  and  to  sweeten  the  water.  In  such  a 
case  we  have  a  solution  (or  dispersion  of  molecules)  of  sugar  in 
water.  From  the  foregoing  consideration  it  is  evident  that  there 
must  be  every  gradation  between  a  suspension  and  a  true  solution. 
The  condition  intermediate  between  a  true  solution  (dispersion  of 
molecules)  and  a  suspension  (dispersion  of  visible  particles)  is 
known  as  a  colloidal  dispersion.  A  colloidal  dispersion  in  water  is  a 
dispersion  of  particles  whose  size  may  vary  between  0.1  n  and 
0.001  ju.  (1  iJL,  read  "micron”  or  "mu,”  equals  0.001  millimeter.) 
The  lower  limit  is  regarded  as  the  size  of  a  large  molecule,  while  the 
upper  limit  is  slightly  smaller  than  the  smallest  object  of  which 
the  form  can  be  seen  with  the  aid  of  a  microscope.  These  limits 
are  arbitrary,  as  there  can  be  no  sharp  division  between  a  colloidal 
dispersion  and  a  suspension.  Likewise  there  is  no  sharp  distinction 
between  a  colloidal  dispersion  and  a  true  solution,  as  some  complex 
molecules  are  large  enough  to  be  within  the  limits  of  size  given 
above  for  colloidal  particles. 

A  suspension  is  a  dispersion  of  particles  which  are  large  enough 
to  be  visible  with  the  aid  of  a  microscope.  A  true  solution  is  a  dis¬ 
persion  of  molecules  or  parts  of  molecules.  A  colloidal  dispersion 
is  a  dispersion  of  particles  which  are  larger  than  most  molecules 
and  yet  too  small  to  be  seen  even  with  the  aid  of  a  microscope. 

Colloidal  dispersions  are  not  confined  to  dispersions  of  solids 
in  liquids.  Just  as  we  may  have  an  emulsion  (which  is  a  suspension 
of  a  liquid  in  another  liquid,  as  oil  in  water),  so  we  may  have  a 
colloidal  dispersion  of  a  liquid  in  another  liquid.  This  condition  is 
known  as  an  emulsoid.  Smoke  is  a  dispersion  of  a  solid  in  a  gas ; 
a  cloud  is  a  dispersion  of  a  liquid  in  a  gas ;  meerschaum  is  a  dis¬ 
persion  of  a  gas  in  a  solid ;  ruby  glass  is  a  dispersion  of  a  solid 
(gold)  in  a  solid  (glass).  Protoplasm  is  generally  believed  to  be  an 
emulsoid  in  which  proteins  are  dispersed  in  water. 

Importance  of  colloidal  state.  Much  of  the  importance  of  the 
colloidal  state  arises  from  the  fact  that  the  dispersed  substances 
have  enormous  surfaces  for  the  play  of  surface  forces  and  for 
chemical  reactions.  The  increase  in  surface  when  a  substance 
becomes  finely  divided  can  be  illustrated  by  the  following  example : 
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A  cubic  centimeter  of  material  in  the  form  of  a  cube  would  have 
six  sides,  each  with  an  area  of  1  square  centimeter.  The  cube 
would  therefore  have  a  surface  of  6  square  centimeters.  If  this 
cube  were  divided  into  two  parts  by  a  cut  in  a  plane  parallel  with 
two  sides,  the  surface  would  be  increased  by  the  area  of  two  sides. 
The  two  parts  would  then  have  a  total  area  of  8  square  centimeters. 
Subdividing  these  parts  would,  of  course,  increase  the  surface 
area.  If  the  original  cube  were  divided  into  cubes  with  edges 
1  millimeter  long,  there  would  be  one  thousand  cubes  and  they 
would  have  a  total  area  of  60  square  centimeters.  If  it  were 
divided  into  cubes  with  sides  1  g  (0.001  millimeter)  long,  there 
would  be  a  total  area  of  6  square  meters,  while  if  the  original  cube 
were  divided  into  cubes  with  edges  0.001  [i  long,  the  total  surface 
would  be  6000  square  meters. 

Hydration  of  protoplasm.  The  particles  of  many  colloids  have 
the  property  of  absorbing  and  holding  large  quantities  of  water. 
This  property  is  known  as  hydration,  and  a  colloid  which  has 
absorbed  water  is  said  to  be  hydrated.  Gelatin  is  a  colloid  and 
affords  a  good  example.  A  2  per  cent  solution  of  gelatin  is  a  solid 
at  ordinary  temperature.  Thus  two  parts  of  gelatin  can  hold 
ninety-eight  parts  of  water.  The  colloids  of  protoplasm  are  hy¬ 
drated,  the  degree  of  hydration  varying  under  different  conditions. 

Distribution  of  protoplasm.  The  protoplasm  is  usually  divided 
into  two  parts :  the  nucleus,  a  rounded  body ;  and  the  cytoplasm, 
which  is  the  protoplasm  outside  of  the  nucleus.  These  are  shown 
in  the  cells  in  Fig.  11.  Young  cells  are  usually  filled  with  proto¬ 
plasm.  In  mature  cells  the  cytoplasm  may  consist  of  a  layer 
around  the  cell  walls,  a  layer  around  the  nucleus,  and  strands 
radiating  from  around  the  nucleus  toward  the  cell  walls  (see 
Figs.  10,  11) ;  or  the  cytoplasm  may  simply  occur  as  a  layer 
around  the  cell  walls  and  the  nucleus  be  embedded  in  this  layer 
(Fig.  13).  The  nucleus  is  generally  regarded  as  the  part  of  the 
cell  which  governs  the  activities  of  the  other  parts  and  deter¬ 
mines  the  nature  and  hereditary  characteristics  of  the  plant.  The 
nucleus  is  a  permanent  organ  of  the  cell.  Nuclei  are  produced  by 
the  division  of  one  nucleus  to  form  two  daughter  nuclei.  The  divi¬ 
sion  of  the  entire  protoplasm  (protoplast)  of  the  cell  to  form  two 
new  cells  is  preceded  by  the  division  of  the  nucleus.  The  nucleus 
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has  a  complicated  structure  and  an  intricate  method  of  division. 
The  nudeus  and  its  division  will  be  treated  much  more  fully  in  a 
later  chapter. 

Incltisions  within  the  protoplasm.  Protoplasm  consists  essen¬ 
tially  of  a  colloidal  dispersion  of  proteins  in  water,  but  many 
other  substances  may  be  found  within  the  protoplasm;  these 
include  mineral  salts,  sugar  in  solution,  and  food  particles. 

Physiological  properties  of  protoplasm.  Protoplasm  is  fre¬ 
quently  said  to  be  distinguished  from  non-living  matter  by  the 
following  physiological  properties : 

1.  Absorption  and  excretion.  By  absorption  protoplasm  obtains 
materials  necessary  for  its  growth,  and  by  excretion  it  gets  rid 
of  some  substances  which  it  does  not  need.  The  protoplasm  of 
green  plants  takes  in  water  and  mineral  matter  from  the  soil,  and 
carbon  dioxide  from  the  air.  In  the  process  of  photosynthesis, 
sugar  is  manufactured  from  the  carbon  dioxide  and  some  of  the 
water.  This  sugar  may  be  stored  in  the  cells  or  changed  into 
some  other  form  of  stored  food ;  or  it  may  .combine  with  elements 
from  the  soil  and  be  stored  as  food ;  or  it  may  become  incorporated 
in  the  protoplasm.  Substances  which  are  very  different  from 
protoplasm  are  thus  taken  into  the  protoplasm  and  then  combined 
and  made  into  protoplasm. 

2.  Metabolism.  The  sum  of  the  processes  of  chemical  change, 
including  the  building  up  and  oxidation  of  material  within  the 
protoplasm,  is  known  as  metabolism.  One  of  the  activities  of  pro¬ 
toplasm  is  the  combining  of  sugar  with  elements  from  the  soil  to 
produce  proteins  which  become  a  part  of  the  protoplasm.  This 
is  a  constructive  process.  Destructive  processes  also  take  place 
in  the  cells  of  plants  as  complex  compounds  are  broken  down  with 
the  liberation  of  energy.  The  protoplasm  uses  this  energy  in 
various  activities. 

3.  Growth  and  reproduction.  The  growth  of  protoplasm  is  due 
to  changes  within  the  protoplasm,  while  the  growth  of  non-living 
things,  such  as  ordinary  crystals,  is  accomplished  by  the  addition 
of  layers  on  the  outside.  Reproduction  is  essentially  the  separation 
and  growth  of  small  portions  of  protoplasm  derived  from  one  or 
two  parent  organisms.  Reproduction,  therefore,  is  a  form  of 
growth. 
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4.  Movement.  Protoplasm  has  the  power  of  moving  and  is 
frequently  in  motion.  This  motion  of  the  protoplasm  in  a  cell 
can  be  easily  seen  with  the  aid  of  a  microscope.  In  some  cases  the 
motion  is  evident  as  an  active  streaming,  while  in  others  it  manifests 
itself  by  changes  in  the  shape  and  position  of  the  protoplasmic 
masses.  Fig.  12  shows  three  drawings,  made  at  fifteen-minute  in¬ 
tervals,  of  the  same  cell.  The  changes  in  the  arrangement  of  the 
protoplasm  are  very  evident.  Protoplasm  not  only  possesses  the 
property  of  moving  but  it  may  also  cause  the  motion  of  whole 


Fig.  12.  Drawings,  made  at  fifteen-minute  intervals,  of  a  cell  from  a  hair  of  a 

squash  plant 

Note  the  changes  in  the  arrangement  of  the  protoplasm,  (x  180) 


organs  or  even  organisms.  This  kind  of  movement  is  more  evident 
in  the  case  of  animals  than  in  plants,  but  is  easily  recognized  in  the 
case  of  sensitive  plants  and  in  leaves  which  fold  together  at  night. 
We  know  also  that  the  younger  parts  of  many  plants  bend  toward 
the  light.  Numerous  small  plants  which  live  in  water  have  the 
‘power  of  moving  from  place  to  place,  just  as  is  the  case  with 
animals. 

5.  Irritability.  The  property  of  responding  to  external  stimuli 
is  known  as  irritability.  A  good  example  is  afforded  by  the  effect 
of  various  stimuli,  such  as  heat  or  chemicals,  on  the  movement  of 
protoplasm.  Moderate  heat  increases  the  rate,  while  low  tem¬ 
peratures  decrease  it.  Some  chemicals  accelerate  it,  while  others 
have  the  opposite  effect.  The  effect  of  a  stimulus  on  protoplasm 
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may  be  evident  in  the  movement  of  a  whole  organ,  as  when  the 
leaves  of  a  sensitive  plant  close  as  the  result  of  contact  or  of  heat, 
or  when  a  stem  or  a  leaf  bends  toward  the  light. 

Vacuoles.  The  larger  part  of  the  space  within  a  mature  cell  is 
usually  occupied  by  a  vacuole.  This  is  a  clear  space  which  contains 
water  with  small  quantities  of  material  dissolved  in  it.  The  prin¬ 
cipal  use  of  vacuoles  is,  by  enlarging  the  cell,  to  increase  its  absorb¬ 
ing  surface ;  besides  this,  water,  food,  or  waste  material  can  be 
stored  in  them.  Vacuoles  are  not  present  in  very  young  cells,  but 
as  the  cell  increases  in  size  small  vacuoles  appear  and  then  gradu¬ 
ally  enlarge.  As  they  increase  in  size  they  coalesce  to  form  a  single 
large  vacuole,  the  volume  of  which  is  usually  greater  tlmn  that  of 
the  protoplasm.  In  a  large  cell  the  protoplasm  occurs  as  a  layer 
lining  the  cell  wall,  while  in  addition  there  may  be  strands  stretch¬ 
ing  across  the  vacuole.  Fig.  13  shows  a  young  cell  without  vacuoles, 
and  stages  in  the  formation  and  growth  of  the  vacuole. 

Plastids.  These  are  definitely  shaped  protein  bodies  embedded 
in  the  cytoplasm.  There  are  several  kinds  of  plastids,  and  they 
have  different  functions.  Colorless  plastids  are  known  as  leuco- 
plasts.  Leucoplasts  are  often  juvenile  stages  of  other  types  of 
plastids.  Amyloplasts  are  white  plastids  in  which  starch  is  stored 
(Fig.  61).  Colored  plastids  are  known  as  chromoplasts.  In  higher 
plants  the  most  numerous  and  important  of  the  chromopjasts  are 
the  chloroplasts,  which  are  green  bodies  that  are  colored  by  chloro¬ 
phyll.  The  small  black  dots  in  Figs.  10, 19,  and  the  oval  structures 
in  the  cells  in  Figs.  17,  18,  are  chloroplasts.  In  the  presence  of 
sunlight,  carbon  dioxide  and  water  in  the  chloroplasts  are  changed 
into  sugar.  There  are  various  other  types  of  chromoplasts.  The 
red  color  of  tomatoes  and  the  yellow  color  of  the  petals  of  Tro- 
paeolum  (nasturtium)  are  due  to  chromoplasts.  Not  all  colors  of 
flowers  and  fruits  are  due  to  chromoplasts,  as  such  colors  are  fre¬ 
quently  due  to  pigments  dissolved  in  the  vacuoles.  Often  there  is 
no  very  sharp  distinction  between  the  various  types  of  plastids. 
Thus,  a  leucoplast  when  exposed  to  the  light  may  develop  chloro¬ 
phyll  and  become  a  chloroplast,  while  in  the  tomato  the  chloro- 
plasts  develop  red  pigment  as  the  fruit  ripens. 

Plastids  grow  and  divide.  Chloroplasts  can  be  traced  through¬ 
out  the  life  cycle  of  some  of  the  lower  plants.  In  flowering  plants 
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the  various  types  of  plastids  go  through  stages  in  which  they  are 
very  small  and  colorless,  and  it  is  uncertain  whether  they  persist 


Fig,  13.  Cells  from  an  onion  root 

The  cell  in  the  upper  left-hand  corner  is  a  young  one  without  vacuoles,  while 
the  nthers-show  various  stages  in  the  formation  and  enlargement  of  the 

vacuole.  (X  800) 

throughout  the  stages  of  sexual  reproduction  or  are  formed  de  novo 
in  the  cells  of  the  developing  embryo. 

The  units  of  living  matter.  The  cell  is  the  smallest  unit  of 
living  matter  capable  of  continued  independent  life  and  growth, 
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but  examination  of  a  cell  has  shown  that  it  is  composed  of  a  num¬ 
ber  of  different  small  units,  all  of  which  combine  to  carry  on  the 

varied  activities  of  the 
cell.  In  later  chapters  we 
shall  have  occasion  to 
study  the  structure  of 
the  small  units  which  we 
have  observed  in  the  cell, 
and  we  shall  find  that 
some  of  them  are  in  turn 
very  complex  and  com¬ 
posed  of  different  kinds  of 
smaller  units.  Therefore, 
while  the  cell  is  the  small¬ 
est  unit  of  living  matter 
capable  of  continued  inde¬ 
pendent  existence,  it  is 
itself  a  very  complex  struc¬ 
ture  composed  of  many 
varied  smaller  units. 

In  at  least  many  cases 
the  cells  of  higher  plants  are  not  absolutely  independent,  as  the 
protoplasm  of  neighboring  cells  is  connected  by  means  of  fine  pro¬ 
toplasmic  strands  which  run  through  perforations  in  the  cell  walls. 
When  the  walls  are  thin  it  is  rather  difficult  to  demonstrate  these 
connections,  but  they  are  much  more  easily  seen  when  the  walls 
are  thick.  Such  connecting  strands  are  shown  in  Figs.  14  and  54 


Fig.  14.  Cells  from  the  kernel  of  a  fruit  of  a 
nipa  palm  (Nipa  fruticans),  showing  proto¬ 
plasmic  connections  between  adjacent  cells 

The  white  areas  represent  thick  cell  walls 


CHAPTER  IV 

THE  LEAF 


A  leaf  is  a  lateral  outgrowth  from  a  stem  and  is,  typically,  a 
thin,  expanded  structure  with  usually  a  green  color  (Fig.  15). 

While  a  number  of  important  physiological  processes  take  place 
m  leaves,  their  principal  function,  and  the  one  for  which  their 


structure  is  especially  suited, 
is  photosynthesis.  This  is  the 
production  of  sugar  from  car¬ 
bon  dioxide  and  water  in  the 
presence  of  sunlight.  This 
process  takes  place  only  where 
there  is  chlorophyll,  which 
occurs  in  the  chloroplasts. 
The  sugar  formed  in  photo¬ 
synthesis  is  the  basis  from 
which,  all  the  complex  com¬ 
pounds  found  in  plants  are 
produced.  The  thin,  expanded 
form  of  leaves  is  especially 
suited  for  photosynthesis,  as 
light,  which  is  necessary  for 
this  process,  penetrates  only 
a  short  distance  into  a  plant. 


Fig.  15.  Young  leaves  of  mulberry 
{Morns  alba) 

Stipules  occur  at  the  bases  of  all  except 
the  oldest ;  here,  there  is  a  scar  showing 
where  the  stipule  was  located,  (x^) 


An  increase  in  the  thickness  of  leaves  would  require  additional 
plant  material  without  producing  a  corresponding  increase  in  the 
rate  of  photosynthesis. 

Structure  of  leaves.  Leaves  (Fig.  15)  are  typically  composed 
of  a  broad,  expanded  portion,  the  blade,  which  is  the  essential  part ; 
a  stalk,  called  the  petiole,  which  is  sometimes  lacking ;  the  base, 
the  part  which  joins  the  leaf  to  the  stem;  and  often  a  pair  of 
stipules,  which  aiG  scalelike  or,  rarely,  leaf  like  outgrowths  from  the 
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base.  Frequently  the  stipules  are  temporary  structures  and  drop 
off  as  the  leaf  matures  (Fig.  15). 

Leaves  are  distinguished  from  stems  by  their  origin,  the  leaf 
being  the  first  lateral  outgrowth  from  the  stem  (Fig.  113),  while 
the  branches  grow  in  the  axils  of  the  leaves,  that  is,  Just,  above 
where  the  leaves  are  joined  to  the  stem.  Leaves  are  further  dis¬ 
tinguished  from  stems  by  the  fact  that  the  growth  of  a  leaf  is 
usually  limited,  while  that  of  most  stems  is  not ;  that  is,  leaves 


Left,  leaf  of  eggplant,  showing  midrib  and 
netted  veins ;  right,  canna  leaf  with  par¬ 
allel  veins 


reach  a  certain  size  and  then 
cease  to  grow,  while  stems 
continue  to  grow  in  length 
as  long  as  the  plant  lives. 

The  blades  of  most  leaves 
contain  a  narrow  thickened 
structure  which  is  a  continu¬ 
ation  of  the  petiole  and  ex¬ 
tends  from  the  petiole  through 
the  center  of  the  blade  to  the 
opposite  end  (Fig.  16).  This 
is  the  7nidnb.  On  both  sides 
of  the  midrib  there  are  lines 
which  either  are  parallel  with 
each  other  or  form  a  net¬ 
work.  These  are  veins.  The 
midrib  and  veins  contain  con¬ 
ducting  cells,  through  which 


water,  coming  from  the  roots, 
is  carried  to  all  parts  of  the  leaf,  and  food,  manufactured  in  the 
leaf,  is  conducted  to  the  petiole  on  its  way  to  other  parts  of  the 
plant.  The  midrib  and  veins  are  also  important  in  giving  stiffness 
to  the  leaves.  Some  leaves  do  not  have  a  single  midrib  but  have 
several  large  veins  which  serve  the  same  purpose  (Figs.  34,  38). 

Venation.  The  leaves  of  flowering  plants  show  two  very  dis¬ 
tinct  types  of  venation,  that  is,  arrangement  of  the  veins.  In  one 
type  the  veins  are  parallel  (Fig.  16) ;  in  the  other  they  form  a  net¬ 
work  (Fig.  16),  and  are  said  to  be  netted.  These  two  types  of  vena¬ 
tion  are  characteristic  of  the  two  great  divisions  of  flowering  plants, 
monocotyledons  and  dicotyledons.  Monocotyledons  are  plants  with 
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one  seed  leaf,  dicotyledons  have  two  seed  leaves.  Parallel  veins  are 


Fig,  18.  Cross  section  of  a  portion  of  the 
blade  of  a  leaf.  (  X  285) 


types  of  structures  and  are 
fitted  for  different  functions. 
In  Fig.  17  is  a  section  of  a 
leaf  dissected  to  show  the 
different  tissues  and  their 
arrangement  in  the  leaf.  In 
the  following  paragraphs  the 
different  tissues  will  be  de¬ 
scribed  and  illustrated.  Re¬ 
ferring  to  Fig.  17  will  make 
their  relation  to  each  other 
clearer. 

Epidermis.  The  leaf  is 
covered  on  both  surfaces  by 
a  single  layer  of  cells,  known 
as  the  epidermis  (Fig.  18). 
The  outer  walls  of  the  epi¬ 
dermis  are  usually  thickened 


and  impregnated  with  a  waxy  substance  called  cutin.  Walls  that 
are  impregnated  with  cutin  are  said  to  be  cutinized.  Not  only  do 
the  outer  walls  of  the  epidermis  contain  cutin,  but  their  outer 
surfaces  are  frequently  covered  by  a  layer  of  cutin  which  is  known 
as  a  cuticle.  Water  passes  readily  through  cellulose,  and  so,  if  the 
outer  walls  of  the  epidermis  were  thin  cellulose  walls,  their  outer 
surfaces  would  be  wet  and  water  would  evaporate  from  them  in 
large  quantities.  The  evaporation  of  water  from  plants  is  called 
transpiration.  As  the  outer  walls  of  the  epidermis  are  thick  and 
waxy,  water  does  not  pass  through  them  readily,  and  the  transpira¬ 
tion  of  water  from  the  surface  of  the  epidermal  cells  is  greatly 
reduced,  only  very  small  quantities  of  water  being  lost  in  this 


manner.  This  restriction  of  transpiration  is  one  of  the  most 
important  functions  of  the  epidermis.  Another  function  is  the 
prevention  of  the  entrance  of  disease-producing  organisms  into 
the  interior  of  the  leaf.  The  epidermis  also  protects  the  soft  inte¬ 
rior  from  mechanical  injury. 

In  the  epidermis  of  the  leaf 
are  numerous  small  openings, 
the  stomata.  These  are  shown 
in  Fig.  19,  as  seen  in  the  sur¬ 
face  of  the  epidermis.  The 
small  oval  openings  are  the 
stomata ;  the  large,  irregularly 
shaped  cells  are  ordinary  epi¬ 
dermal  cells.  A  cross  section 
of  a  stoma  is  shown  in  Fig.  18, 
in  the  lower  epidermis. 

Each  stoma  is  surrounded 
by  two  kidney-shaped  cells 
called  guard  cells.  Under  cer¬ 
tain  conditions  these  guard 
cells  move  in  such  a  way  as  to 
open  or  close  the  stomata.  The 
stomata  allow  for  the  exchange 
of  oxygen  and  carbon  dioxide 
between  the  cells  in  the  interior 
of  the  leaf  and  the  external  atmosphere,  and  also  permit  the  pas¬ 
sage  of  water  vapor  from  the  interior  of  the  leaf  to  the  outside  air. 

Distribution  of  stomata.  Stomata  are  usually  found  only  in  the 
lower  epidermis,  or  much  more  abundantly  in  the  lower  than  in 
the  upper  epidermis.  This  would  seem  to  be  explained  in  part  by 
the  fact  that  stomata  in  the  lower  surface  are  less  likely  to  be  closed 
by  rain  or  by  dust  than  are  those  in  the  upper  epidermis.  In  leaves 
which  float  on  the  surface  of  the  water  stomata  occur  only  in  the 
upper  epidermis.  Submerged  plants  have  no  stomata. 

Chlorenchyma.  The  parts  of  the  leaf  that  lie  within  the  epi¬ 
dermis  and  between  the  veins  are  especially  suited  to  carrying  on 
photosynthesis.  The  cells  in  this  part  of  the  leaf  contain  chloro- 
plasts,  and  are  known  as  chlorenchyma  cells  (Fig.  18). 


Fig.  19,  Surface  view  of  epidermis  of 
a  dicotyledonous  leaf 


The  oval  openings  are  the  stomata. 
Each  is  surrounded  by  two  kidney¬ 
shaped  guard  cells  containing  chloro- 
plasts.  The  large  irregular  cells  are 
ordinary  epidermal  cells.  An  epider¬ 
mal  hair  is  shown  at  the  left,  (x  150) 
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Palisade  chlorenchyma.  The  chlorenchyma  is  usually  divided 
into  two  regions.  The  portion  near  the  upper  surface  is  generally 
composed  of  elongated  cells  which  are  close  together,  with  their 
longest  axis  perpendicular  to  the  epidermis  (Figs.  18,  30,  48). 
When  we  look  at  a  section  of  a  leaf,  these  cells  have  an  appearance 
resembling  a  palisade.  They  are  called  palisade  cells  or  'palisade 
chlorenchyma.  The  palisade  chlorenchyma  may  consist  of  a  single 
layer  of  cells  or  of  two  or  more  layers.  These  cells,  being  near  the 
upper  surface  of  the  leaf,  are  in  a  favorable  position  to  receive  sun¬ 
light,  and  their  chief  function  is  to  carry  on  photosynthesis.  Their 

elongated  shape  is  favora¬ 
ble  to  this  function,  as  the 
light  in  going  through  them 
does  not  pass  through  many 
cell  walls.  Between  the  pal¬ 
isade  cells  are  small  air 
spaces  which  are  connected 
with  larger  spaces  in  the 
lower  part  of  the  leaf,  and 
through  these  with  the  sto¬ 
mata  in  the  lower  epider¬ 
mis.  These  air  spaces  make 
it  possible  for  gases  to  dif¬ 
fuse  to  and  from  the  pali¬ 
sade  cells.  In  Fig.  20  is  shown  a  section  cut  across  the  palisade 
layer  in  a  plane  perpendicular  to  the  longest  axis  of  the  cells  and 
parallel  with  the  epidermis.  This  section  shows  very  plainly  the 
air  spaces  which  extend  up  between  the  palisade  cells. 

The  ceils  of  the  chlorenchyma  contain  a  large  central  vacuole 
and  a  thin  layer  of  protoplasm  lining  the  W'all.  The  ehloroplasts 
are  embedded  in  this  protoplasm  and  are  close  to  the  cell  wall 
Spongy  chlorenchyma.  The  lower  portion  of  the  chlorenchyma 
is  known  as  spongy  chlorenchyma  and  is  usually  composed  of  cells 
more  irregular  in  shape  and  arrangement  than  the  palisade  cells 
(Figs.  18,  21,  30).  Also,  this  region  generally  contains  large  air 
spaces.  The  cells  of  the  spongy  chlorenchyma  contain  ehloroplasts 
and  carry  on  photosynthesis,  but  they  are  not  in  as  favorable  a 
position  for  receiving  light  as  are  the  palisade  cells,  and  they  have 


Fig.  20.  Section  of  palisade  of  a  leaf,  cut 
parallel  with  the  epidermis.  (  X  425) 
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fewer  chloroplasts.  They  are  not,  therefore,  so  important  from  the 
standpoint  of  photosynthesis  as  are  the  palisade  cells.  On  the 
other  hand,  the  large  air  spaces  that  surround  these  cells  are  near 

the  stomata  and  directly 
connected  with  them  (Fig. 
18).  There  is  therefore  a 
much  freer  circulation  of 
gases  around  these  cells  than 
around  the  palisade  cells, 
with  the  result  that  they 
are  better  suited  to  the 
exchange  of  gases  between 
the  cells  and  the  surround¬ 
ing  atmosphere.  The  air 
spaces  of  the  spongy  chlo- 
Fig.  21.  Section,  cut  parallel  with  the  epi-  renchyma  are  not  isolated 
aermis,.tl.tough  ihe  spongy  chlorenchyma  chambers  but  a  series  of  in- 

tercommunicating  passages. 
While  it  is  customary  to  speak  of  the  air  spaces  in  the  spongy 
chlorenchyma  as  though  there  were  many  of  them,  it  would  be  just 
as  correct  to  consider  many  of  them  as  forming  a  single  large  air 
space  in  which,  in  the  case  of  the  spongy  chlorenchyma,  the  cells 
are  loosely  arranged.  A  good  idea  of  the  shape  of  these  passages 


can  be  obtained  by  reference  to  Fig.  17 
and  by  comparing  Fig.  18  with  Fig.  21, 
which  represents  a  section  through  the 
spongy  chlorenchyma  parallel  with  the 
epidermis. 

Owing  to  the  fact  that  the  chloro¬ 
plasts  are  closer  together  in  the  palisade 
chlorenchyma  than  in  the  spongy  chlo¬ 
renchyma,  the  upper  surfaces  of  many 
leaves  appear  to  be  deeper  green  than 
the  lower  surfaces. 


Calcium  oxalate  crystals.  The  leaves  and  other  organs  of  many 
plants  contain  conspicuous  crystals  of  calcium  oxalate,  which 
appears  to  be  a  waste  product.  The  forms  of  the  crystals  are  very 
diverse.  One  of  the  commonest  is  a  compound  crystal  having  the 
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appearance  of  a  rosette  and  known  as  a  rosette  crystal  (Fig.  ,22). 
Another  common  form  is  a  long,  slender  crystal,  or  raphide.  Such 
crystals  usually  lie  parallel  to  each  other  in  a  bundle,  which  is 


Fic.  23.  Raphides  from  leaves 

Left,  taro  {Colocasia  esculenta) ;  right,  Pisiia  stratioies.  (X  160) 


sometimes  found  in  a  special  saclike  cell  (Fig.  23).  In  certain  cases 
these  cells  have  tapering  end  walls  which  are  thin  at  the  apices 
(Fig.  23) ;  when  the  sacs  are  injured  me¬ 
chanically,  the  raphides  are  shot  through 
the  thin  points  (Fig.  24).  Certain  kinds 
of  raphides  are  very  irritating  and  seem 
to  afford  some  protection  from  animals, 
although  many  plants  with  raphides  are 
eaten  by  animals.  At  least  in  some  cases, 
the  pain  produced  is  due  to  the  entrance 
of  an  irritating  substance  into  the  wound 
rather  than  to  the  raphides  themselves. 

Raphides  are  destroyed  by  boiling,  and 
so  food  plants  containing  them  are  not 
irritating  when  cooked. 

Calcium  carbonate  (limestone)  is  much 
less  abundant  in  plants  than  calcium 
oxalate.  ’  It  is,  however,  deposited  in 
some  plants  in  the  form  of  cystoliths  (Fig,  25).  The  main  body 
of  a  cystolith  is  a  cellulose  extension  of  the  cell  wall  in  which  the 
calcium  carbonate  is  deposited  in  the  form  of  fine  granules. 


Fig.  24.  Flection  of  raphides 
from  saclike  cell  of  Colocasia 
esculenta.  (  X  160) 
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The  midrib.  The  functions  of  the  midrib  are  to  strengthen  the 
leaf ;  to  convey  food,  manufactured  in  the  leaf,  toward  the  petiole ; 
and  to  carry  water  from  the  petiole  to  various  parts  of  the  blade. 
The  midrib  is  composed  of  the  tissues  described  in  the  following 
paragraphs.  A  tissue  is  a  group  of  contiguous  cells  having  the 
same  general  characteristics.  Cross  sections  of  midribs  are  shown 
in  Figs.  26  and  28. 

CoUenchyma.  There  are  two  ways  in  which  cells  give  strength 
t9  plant  organs.  In  some  cases  the  cell  walls  are  very  greatly 
thickened,  and  the  thickened  cell  walls  give 
strength.  This  is  true  of  the  wood  of  woody 
stems.  Other  cells  become  stretched  by 
the  water  which  is  in  them,  and  therefore 
are  rigid.  Such  cells  may  serve  to  strengthen 
organs.  Cells  which  are  stretched  by  the 
water  in  them  are  said  to  be  turgid.  The 
rigidity  derived  from  turgidity  has  some 
points  of  similarity  to  that  of  a  hose  full 
of  water,  or  that  of  an  automobile  tire  filled 
with  air  under  pressure. 

In  the  center  of  the  upper  portion  of  the 
midrib,  just  below  the  epidermis,  there  is 
usually  a  group  of  cells  which  give  strength 
both  by  having  thickened  walls  and  by 
being  turgid.  A  group  of  the  same  kind 
of  cells  usually  occurs  also  just  above  the 
lower  epidermis.  These  cells  are  known  as  collencnyma.  In  Fig.  26 
the  collenchyma  is  shown  as  a  crescent-shaped  layer  around  the 
lower  part  of  the  midrib  and  just  within  the  epidermis ;  also  as  a 
small  group  of  cells  extending  into  the  projection  from  the  upper 
surface  of  the  midrib.  In  the  section  shown  in  Fig.  28  the  collen¬ 
chyma  is  in  the  same  position  as  in  Fig.  26,  but  is  less  evident 
because  the  walls  are  not  greatly  thickened.  Collenchyma  is  com¬ 
posed  of  living  cells  with  walls  which  are  thickened  at  the  angles 
where  three  or  more  cells  come  in  contact  with  one  another.  This 
is  clearly  shown  in  Fig.  27.  The  thick  places  in  the  walls  increase 
the  strength  of  the  cells,  while  the  thin  places  allow  for  a  more 
rapid  transfer  of  materials  from  cell  to  cell  than  would  take 


Fig.  25.  Cyatolith  in  leaf 
of  India  rubber  tree, 
Ficus  elastica.  (After 
Sachs) 


Fic.  26.  Cross  section  of  a  midrib  of  a  leaf  iixora) 

On  the  left  is  a  portion  of  the  thin  part  of  the  blade,  showing  upper  and  lower 
epidermis  and  chlorenchyma.  e,  epidermis ;  c,  collenchyrna ;  p,  parenchyma ; 
s,  aclerenchyma ;  j>h,  phloem;  x,  xylem.  (X  185) 

place  if  the  cell  walls  were  thickened  throughout.  These  cells  are 
more  or  less  turgid,  and  so  give  strength  to  the  leaf  in  this  way  also. 

The  weight  of  the  leaf  causes  it 
to  tend  to  bend  downward,  with 
the  result  that  there  is  a  tendency 


and  the  lo«,?er  portion  compressed. 
The  collenchyrna  occurs,  therefore, 
in  those  parts  of  the  midrib  in 
which  there  is  the  greatest  need  for 
strengthening  material. 

Parenchyma.  The  regions  be¬ 
tween  the  collenchyrna  cells  and 
the  central  portion  of  the  midrib 
are  occupied  by  parenchyma  cells. 


Fic.  27.  Cross  section  through  the 
epidermis  and  collenchyrna  of  a 
Coleus  stem.  (  X  245) 


Fic.  29.  Termination  of  veins  in  a  leaf,  as  seen  in  a  section  cut  parallel  with 
the  epidermis.  (  X  425) 

touching  it.  This  lighter  appearance  is  due  to  the  combination  of 
the  large  size  of  the  cells,  the  thin  walls,  and  the  absence  of  chloro- 
plasts.  In  structure  the  parenchyma  cells  are  not  specially  modi- 
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rih-  That  a  considerable  part  of  the  stiffness  of  most  leaves  is 


this  water  is  not  re¬ 
placed,  the  cells  of  the 
leaf  will  contain  less 
and  less  water  and  will 
lose  their  turgidity. 
We  see  the  result  when 
the  leaf  wilts  and  be¬ 
comes  soft. 


The  tissues  composing 


are  situated  near  or  at 
the  center  of  the  mid¬ 
rib.  This  system,  as 
seen  in  cross  section, 
Fic.  30.  Cross  section  of  the  thin  part  of  a  leaf  usually  has  the  form 
(/^ora),  showing  the  connection  of  the  chloren-  ^  .  /m.  fya\  „ 

chyma  with  a  vein  ^  m,  a 

,  ,  crescent-shaped  ring,  a 

The  vein  is  seen  in  the  center  as  a  compact  group  , 

of  cells.  (X  216)  crescent  (Fig.  28),  or 

scattered  patches,  but 
may  have  other  shapes.  If  it  is  in  the  form  of  a  ring,  paren¬ 
chyma  cells  are  usually  found  within  the  ring  (Fig.  26).  The  inner 
part  of  the  ring  is  composed  of  xylem,  which  is  conspicuous  on  ac¬ 
count  of  its  having  thick-walled  cells.  Xylem  conducts  water  and, 
on  account  of  its  thick-walled  cells,  gives  strength.  The  conducting 
elements  of  the  xylem  are  long  tubes  composed  of  dead  cells. 

The  xylem  ring  is  surrounded  by  a  ring  of  p/iZoew,  which  is 
composed  of  thin-walled  cells  (Fig.  26)  and  serves  for  the  transpor- 


ler  aeaimg  wiia  tne  stem. 

Sclerenchyma.  Thick-walled  dead  cells 
are  frequently  found  scattered  in  the  pa¬ 
renchyma  just  outside  of  the  phloem  (Fig. 
Fig.  31.  Arrangement  of  These  are  strengthening  cells  and  are 

netted  veins  and  the  free  known  as  sclerenchyma.  They  are  greatly 

ends  of  the  veinlets  in  a  elongated  in  the  longitudinal  direction  of 
small  portion  of  a  leaf  of  ,,  -j  ‘i.  mi.  •  -x*  •  x  x  •  x 

a  lime  (Citrus  auranti-  midrib.  Their  position  just  exterior  to 

folia).  (x6)  the  thin-walled  phloem  affords  mechanical 

protection  to  the  latter. 

Veins.  The  structure  of  large  veins  is  similar  to  that  of  a  mid¬ 
rib.  The  complexity  of  the  structure  decreases  with  the  size  of  the 
veins  until,  near  their  ends,  small  veins  consist  of  only  one  or 
a  few  conducting  cells 
(Fig.  29).  The  ceUs  of 
the  chlorenchyma  are 
usually  arranged  so  that 
the  conduction  of  mate¬ 
rials  to  and  from  the 
veins  is  facilitated  (Fig. 

30).  In  Fig.  31  are  shown 
the  arrangement  of  the 
netted  veins  and  the  free 
ends  of  the  veinlets  in  a 
small  portion  of  a  di-  showing  a  palisade  layer  on  each  side.  (  X  275) 
cotyledonous  leaf. 


Vertical  leaves.  The  leaves  of  many  species  of  Eucalyptus  do  not 
spread  out  horizontally  but  hang  vertically,  so  that  both  surfaces 
of  the  leaf  receive  direct  sqnlight.  In  keeping  with  this  fact,  pali¬ 
sade  chlorenchyma  is  develoned  on  both  sides,  as  shown  in  Fig.  32. 
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The  erect  leaves  of  grasses  are  very  efficient  and  interesting 
types  of  photosynthetic  organs.  When  grasses  grow  close  together, 
the  erect  position  of  the  leaves  allows  light  to  pass  between  them 
and  to  illuminate  a  large  amount  of  surface.  Moreover,  both  sur¬ 
faces  usually  receive  direct  sunlight.  The  morphologically  upper 
and  lower  halves  therefore  have  similar  functions,  and  the  structure 


Fig.  33.  Section  of  a  leaf  of  Indian  corn  (Zea  mays) ,  showing  the  similarity  in 
structure  of  the  two  sides  of  a  vertical  leaf.  (  X  285) 


is  likewise  similar.  In  this  type  of  leaf  the  photosynthetic  cells 
are  situated  around  the  parallel  veins  (Fig.  33),  an  arrangement 
which  facilitates  the  removal  of  food  products. 

SHAPES  OF  LEAVES 

While  most  leaves  have  petioles,  many  do  not  possess  them. 
Leaves  without  petioles  are  sessile.  The  petiole  is  usually  attached 
at  the  edge  of  a  leaf,  but  may  be  attached  on  the  lower  surface 
within  the  margin  (Fig.  34).  In  the  latter  case  the  leaf  is  'peltate. 

Leaves  are  simple  when  there  is  only  one  blade,  and  compound 
when  there  is  more  than  one.  When  the  leaflets  of  a  compound 
leaf  are  arranged  on  the  sides  of  a  common  axis  (rachis),  the  leaf 
is  pinnate  (Fig.  35)  and  the  leaflets  are  called  pinnae.  If  the  pinnae 
themselves  are  once  or  twice  pinnate,  the  leaf  is  hipinnate  (Fig.  36) 
or  tripinnate.  When  the  leaflets  are  not  arranged  along  a  rachis, 
but  all  meet  in  one  point,  the  leaf  is  palmate. 

One  advantage  of  compound  leaves  is  that  they  do  not  offer  as 
much  resistance  to  the  winds  as  do  entire  leaves,  and  so  need  less 


Fic.  36.  Bipinnate  leaf  of  rain  tree  FiC-  37.  Leaf  blade  of 

{Enterolobium  saman) .  (  X  i)  banana.  (  X  ) 

See  Fig.  125 
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strengthening  tissue  to  protect  them  from  being  torn.  The  huge 
entire  blades  of  the  banana  (Fig.  37)  show  an  interesting  modifica¬ 
tion  in  that  they  are  not  greatly 
strengthened  but  instead  have 
certain  weak  structural  lines 
where  the  leaf  can  be  torn  by 
the  wind  without  any  particu¬ 
lar  damage  to  the  plant. 

Plants  having  unbranched 
stems  must  have  large  leaves  if 
they  are  to  expose  an  extensive 
surface  to  the  light.  In  keep¬ 
ing  with  this  fact  we  find  that 
large  palms  and  tree  ferns  have 
enormous  leaves.  On  the  other 
hand,  plants  with  many  small 
branches  have  small  leaves. 

The  general  shape  of  leaves 
is  related  to  their-  arrangement 
on  the  stem.  When  leaves  are 
densely  crowded  they  are  usu¬ 
ally  linear  (long  and  narrow), 
and  so  shade  each  other  much 
less  than  would  broad  leaves.  When  less  crowded  the  leaves  are 
more  often  somewhat  oval  in  outline,  and  when  still  less  crowded 
they  are  apt  to  approach  a  circular  shape. 

When  leaves  are  lobed,  the  lobing  follows  the  large  veins 
(Fig.  38) ,  so  that  the  photosynthetic  tissue  is  nearer  the  princi¬ 
pal  veins  than  would  be  the  case  if  the  leaves  were  entire. 

"  TRICHOMES 

Some  of  the  epidermal  cells  of  most  plants  grow  out,  singly  or 
less  frequently  in  groups,  to  form  appendages  which  are  known  as 
trichomes  or  hairs.  Frequently  the  trichomes  lose  their  proto¬ 
plasmic  contents  and  become  filled  with  air.  The  young  leaves  of 
many  plants  have  trichomes  which  are  shed  as  the  leaf  becomes 
older.  Cotton  consists  of  long  unicellular  hairs  which  grow  from 
the  epidermis  of  cotton  seeds. 


Fig.  38.  Lobed  leaf  of  papaya  iCarica 
papaya) .  (  X  i) 


The  papaya  is  a  small  herbaceous  trop¬ 
ical  tree  with  melonlike  fruits.  They 
are  among  the  most  papular  and  widely 
used  of  tropical  fruits.  (See  Fig.  293) 
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Trichomes  exhibit  a  great  variety  of  form  and  vary  from  small 
protuberances  of  the  epidermal  cells  to  complex  branched 
cellular  structures  (Figs.  39,  40).  Even  the  simple  unbranched 
hairs  show  great  variety.  Such  trichomes  may  be  umcellular  or 
multicellular;  they  may  be  straight  or  curly, 
project  straight  from  the  epidermis  or  lie 
parallel  with  it.  When  they  lie  against  the 
surface  of  the  leaf  and  all  point  in  the  same 
direction,  they  produce  a  silky  appearance. 
The  methods  of  branching  exhibited  by  the 
trichomes  are  very  diverse.  Among  the  most 
beautiful  forms  of  trichomes  are  those  known 
as  scales.  These  are  flat  structures  having 
short  central  stalks  (Fig.  41).  Scales  are 
sometimes  found  so  close  together  as  to 
Fig.  39.  Branched  hair  ^n  almost  complete  covering  over  the 

of  Callicarpa  caudata.  ^ 

A  dense  covering  of  dead  trichomes  has 
a  tendency  to  restrict  the  rate  of  transpiration.  The  transpira¬ 
tion  of  a  leaf  in  still  air  brings  into  being  a  layer  of  moist  air 
around  the  leaf,  and  the  diffusion  of  water  from  the  leaf  into 
this  moist  air  is  less  rapid  than  the  diffusion  of  water  into  dry 
air  would  be.  When  there  is  free  movement  of  air  around  the 
leaf,  wind  will  replace 
the  moist  air  with  drier 
air.  A  dense  layer  of 
trichomes  tends  to  re¬ 
duce  the  movement  of 
the  air  and  so  to  lower 
the  rate  of  transpira¬ 
tion.  A  great  develop-  pic.  4ft.  Side  and  top  views  of  stellate  hair  of 
ment  of  trichomes  may  Callicarpa  erioclona.  (  X  350) 

also,  by  producing  a 

screen,  reduce  the  heating  effect  of  sunlight.  Hairs  are  usually 
most  numerous  on  the  under,  or  stomata-bearing,  surface  of  the 
leaf.  While  a  dense  covering  of  trichomes  retards  transpiration, 
the  hairs  of  many  leaves  appear  to  be  too  scattered  to  have  any 
appreciable  effect* 
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A  covering  of  hairs,  by  holding  a  layer  of  air  near  the  leaf,  may 
prevent  water  from  reaching  and  clogging  the  stomata.  When  a 
leaf  with  such  a  coating  of  trichomes  is  sub¬ 
merged  in  water,  the  layer  of  air  near  the  epi¬ 
dermis  glistens  with  a  silvery  sheen.  Although 
submerged,  the  epidermis  may  remain  dry  for  a 
considerable  length  of  time.  Even  such  short 
trichomes  as  those  that  are  shown  . 

Fig.  41.  Scale  of  in  Fig.  48  may  be  very  effective  in 
Elaeagnus  philip-  j^ggping  water  from  the  stomata. 
pensis.  X  75  ■^];^i|g  trichomes  may  restrict  the 

rate  of  transpiration,  they  not  only  do  not  interfere 
with  the  diffusion  of  carbon  dioxide  into  the  leaf 


Fig.  42.  Brie* 
tielike  hair  of 
cowitch  (Mu- 
cuna  pruriens) . 

(  X30) 


but  may  actually  assist  in  keeping  open  a  passage¬ 
way  for  this  diffusion  when  the  stomata  might  be 
^  clogged  as  the  result  of  rain 

or  dew. 

Bristlelike  hairs.  A  num¬ 
ber  of  plants  possess  stiff, 
sharp-pointed,  bristlelike  hairs 
which  readily  penetrate  the 
skin  of  man  and  produce  very 
disagreeable  effects.  Some  of 
the  hairs  of  this  type  have 
barblike  protuberances  along 
their  sides  (Fig.  42) ;  these 
protuberances  increase  the  irritating  effect  of 
the  trichomes.  Bristlelike  hairs  may  afford 
protection  to  plants  by  preventing  animals 
from  eating  the  leaves,  but  comparatively  few 
plants  have  hairs  stiff  enough  to  be  very  ef¬ 
fective  in  this  way. 

Stinging  hairs.  Stinging  hairs  (Fig.  43)  are 
one  of  the  most  interesting  types  of  tri¬ 
chomes.  A  typical  stinging  hair  contains  a 
poisonous  liquid  and  consists  of  a  basal  bulb¬ 
shaped  portion  from  which  projects  a  stiff,  slender,  tapering 
structure  that  ends  in  a  small  knob  or  a  sharp  point.  Near 


Fic.  43.  Stinging  hair 
of  a  nettle  {Laportea 
meyeniana).  (Central 
drawing  X  150) 
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the  tip  there  is  usually  an  oblique 
thin  place  in  the  wall,  so  that  when 
the  body  of  an  animal  or  some  other 
object  is  pressed  against  the  tip 
with  sufl&cient  force,  the  tip  is  broken 
off,  leaving  a  sharp  point  that  can 
readily,  penetrate  an  animal  s  skin. 
The  wall  of  the  rounded  basal  por¬ 
tion  is  distended  by  the  pressure  of 
the  contained  liquid,  and  it  contracts 
when  this  pressure  is  removed  by  the 
breaking  of  the  tip.  This  contrac¬ 
tion  tends  to  force  the  fluid  through 
the  opening  in  the  tip,  so  that  an  ani¬ 
mal  into  which  the  sharp  point  has 
stuck  will  be  injected  with  the  poison¬ 
ous  fluid.  The  pressure  of  the  animal 
against  the  hair  also  helps  to  force 
the  liquid  from  the  bulbous  base. 

Glandular  hairs.  A  great  variety  of 
plants  have  glandular  hairs  (Fig.  44). 
These  secrete  oil,  resin,  or  mucilage. 
A  typical  glandular  hair  consists  of  a 
stalk  and  an  enlarged  terminal  portion, 

.  which  is  the  gland  proper.  This  may 
be  unicellular  or  multicellular.  The 
strong  odors  of  many  plants  are  due 
to  the  excretions  of  ^andular  hairs. 


Fig.  44.  Glandular  hairs 

Left,  water  hyacinth;  second 
figure,  squash ;  third  figure,  to¬ 
mato ;  right,  tobacco.  (x  200) 


CHAPTER  V 


assimilation  and  use  of  materials 

AssimUation  includes  processes  by  which  an  organism  chants 
nutritive  materials  to  the  kind  of  substances  of  which  it  is  com¬ 
posed,  and  processes  by  which  these  substances  are  incorporated 
Lto  its  body.  Assinulation  in  one  form  or  another  takes  place  m 
all  parts  of  a  plant.  The  basic  process  on  which  all  other  assimila¬ 
tion  depends  is  photosynthesis.  Photosynthesis  is  earned  on  in  aU 
green  parts  of  a  plant;  but  the  leaves  are  the  organs  whmh  are 
especiaUy  fitted  for  photosynthesis,  and  so  it  is  convenient  o 
consider  assimilation  in  connection  with  the  leaf. 


PHOTOSYNTHESIS 

Definition.  Photosynthesis  is  the  formation  of  sugar  from  carbon 
dioxide  and  water  in  the  presence  of  light;  it  takes  place  only 
where  there  is  chlorophyll,  which  is  found  m  the  chloroplasts. 

Source  of  material.  The  water  used  in  photosynthesis  is  ab¬ 
sorbed  by  the  plant  roots  and  then  carried  to  the  leaves.  The  car¬ 
bon  dioxide  diffuses  from  the  atmosphere  through  the  stomata 
and  then  through  the  intercellular  spaces.  Carbon  dioxide  can¬ 
not  enter  the  cells  as  a  gas,  but  water  from  the  cells  permeates 
the  cell  walls  of  the  chlorenchyma,  and  the  carbon  dioxide  gas 
goes  into  solution  in  this  water.  As  the  water  in  the  walls  is  con¬ 
tinuous  with  that  in  the  cells,  the  carbon  dioxide  in  solution 
in  the  cell  walls  diffuses  into  the  cells  and  finally  reaches  the 

chloroplasts.  ,  x*  x 

Diffusion  is  always  from  the  region  of  greater  concentration  to 

that  of  less  concentration.  The  using  up  of  carbon  dioxide  in  the 
chloroplasts  creates  in  the  immediate  vicinity  a  region  where  the 
concentration  of  carbon  dioxide  is  low.  This  causes  carbon  dioxide 
to  diffuse  from  the  protoplasm  and  cell  walls  toward  the  chloro¬ 
plasts.  In  turn,  carbon  dioxide  diffuses  from  the  intercellular 

48 


Assimilation  and  Use  of  Materials  49 

spaces  and  goes  into  solution  in  the  water  in  the  cell  wall.  ^  The 
result  is  that  the  concentration  of  carbon  dioxide  is  less  in  the  inter¬ 
cellular  spaces  than  in  the  external  atmosphere,  and  so  there  is  a 
diffusion  of  carbon  dioxide  from  the  external  atmosphere  through 
the  stomata  into  the  intercellular  spaces.  The  movement  of  carbon 
dioxide  is,  then,  from  the  external  atmosphere  through  the  stomata 
into  the  intercellular  spaces,  into  solution  in  the  cell  walls,  then  by 
diffusion  into  the  protoplasm,  and  finally  into  the  chloroplasts. 

Process.  Photo^nthesis  is  a  very  complex  process  concerning 
the  details  of  which  we  have  very  little  actual  information.  The 
first  stable  product  seems  to  be  some  form  of  sugar.  The  various 
sugars  have  complex  molecules,  however,  and  it  would  not  seem 
probable  that  one  of  them  is  the  first  compound  formed.  Various 
intermediate  compounds  are  postulated  by  different  theories,  but 
none  of  these  theories  is  supported  by  sufficient  evidence  to 
warrant  its  acceptance  at  the  present  time.  As  the  result  of  the 
photosynthetic  process,  glucose  (grape  sugar),  which  has  the 
formula  C6H12O6,  accumulates  in  the  leaf,  and  this  is  generally 
regarded  as  the  first  stable  product. 

The  theories  which  have  been  most  widely  held  are  Baeyer  s  hypothe¬ 
sis  and  modifications  of  it.  Baeyer  assumed  that  in  the  plant  carbon 
dioxide  was  changed  to  carbon  monoxide  and  oxygen  (CO2  — CO  +  0)  ; 
and  that  the  water  was  changed  to  hydrogen  and  oxygen  (H2O  >■  H2  +  0) . 

The  carbon  monoxide  and  hydrogen  then  united  to  form  formaldehyde 
(CO  +  H2  — >■  CH2O),  after  which  six  molecules  of  the  formaldehyde 
were  condensed  to  form  a  molecule  of  glucose  (6  CH2O  C6Hi206)- 
A  great  objection  to  this  theory  has  been  that  formaldehyde^  is  ex¬ 
ceedingly  poisonous.  Attempts  have  been  made  to  meet  this  objection 
by  assuming  that  formaldehyde  is  never  present  in  anything  except  in 
very  minute  quantities,  as  it  is  condensed  immediately  to  form  sugar. 
Also  various  complicated  modifications  of  Baeyer’ s  hypothesis  have  been 
proposed.  If  Baeyer’s  hypothesis  were  true,  it  would  afford  a  compara¬ 
tively  simple  explanation  of  the  chemical  changes  taking  place  during 
photosynthesis.  At  the  present  time  there  are  some  authorities  who 
that  formaldehyde  is  an  intermediate  product  of  photosynthesis, 
and  others  who  claim  that  there  is  no  evidence  for  this  view. 

If  we  regard  glucose  as  the  end  product  of  photosynthesis, 
the  formula  for  this  process  may  be  written  as  follows : 

6  CO2  +  fi  H2O  — C6H12O6  +  6  O2. 


50 


Tlie  Plant  Kingdom 

This  formula  shows  not  only  that  glucose  is  formed  in  photo¬ 
synthesis,  but  also  that  oxygen  is  liberated  as  a  by-product. 
Moreover,  the  formula  indicates  that  the  number  of  molecules 
of  oxygen  liberated  is  the  same  as  the  number  of  molecules  of 
carbon  dioxide  absorbed.  This  is  approximately  what  has  been 
observed  in  actual  experiments. 

The  water  and  carbon  dioxide  that  enter  the  reaction  are  very 
stable  compounds,  and  the  liberation  of  the  oxygen  requires 
energy.  This  energy  is  supplied  by  light,  which  accounts  for 
the  necessity  of  light  for  photosynthesis.  Light  by  itself  does 
not,  however,  decompose  carbon  dioxide  or  water,  so  that  the 
plant  must  have  some  means  of  applying  the  energy  of  light 
for  this  decomposition.  The  application  of  the  energy  of  light  for 
the  separation  of  oxygen  from  carbon  dioxide  and  water  appears 
to  be  the  function  of  the  chlorophyll. 

In  nature  the  light  used  in  photosynthesis  comes  from  the  sun, 
but  light  from  other  sources  can  also  be  used. 

Chlorophyll.  Chlorophyll  is  formed  in  flowering  plants  only  In 
the  presence  of  sunlight.  This  explains  why  the  inside  of  the  head 
of  a  cabbage  is  white;  it  also  explains  the  practice  of  banking 
celery  in  order  to  blanch  it.  Chlorophyll  is  not  a  single  compound 
but  a  mixture  of  pigments  including  two  green  ones,  chlorophyll  A 
and  chlorophyll  B,  and  two  brown  ones,  carotin  and  xanthophyll. 
Chlorophyll  does  not  contain  iron,  but  iron  is  necessary  for  the 
formation  of  chlorophyll. 

Products.  The  two  products  of  photosynthesis  are  simple 
sugar  and  oxygen.  The  sugar  manufactured  by  plants  serves  them 
as  food,  from  which,  with  the  addition  of  materials  from  the  soil, 
they  elaborate  all  the  complex  substances  found  in  them.  As 
photosynthesis  is  necessary  for  the  manufacture  of  all  the  food 
used  by  plants,  it  is  indispensable  for  their  existence. 

Some  of  the  oxygen  liberated  in  photosynthesis  is  used  by  the 
plants  in  respiration,  but  most  of  it  diffuses  out  of  the  cells  into 
the  intercellular  spaces  and  then  through  the  stomata  into  the 
external  atmosphere. 

•When  photosynthesis  is  active,  sugar  is  formed  much  faster  than 
it  is  used  by  the  leaf  or  conveyed  to  other  parts  of  the  plant.  Under 
these  conditions  much  of  the  sugar  in  the  leaf  is  transformed  into 


Fig.  45.  Starch  grains 

Upper  row,  potato  and  sago;  second  row,  wheat,  rice,  and  corn;  third  row, 
bean  and  Maranta.  (x  290) 


the  leaf.  Starch  occurs  as  small  grains  which  differ  in  appearance 
according  to  species  (Fig.  45).  The  grains  of  many  species  show 
striations  as  if  the  material  had  been  deposited  in  successive  layers. 
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The  amount  of  carbohydrate  manufactured  by  plants  varies 
very  greatly  with  different  plants  and  different  conditions,  but  it 
has  been  calculated  that  as  a  rough  average  a  plant  will  manu¬ 
facture  at  least  one  gram  of  sugar  per  square  meter  of  leaf  surface 
on  a  summer  day. 

Demonstration.  Starch  is  formed  in  leaves  very  soon  after  pho¬ 
tosynthesis  begins.  This  is  of  great  advantage  in  demonstrating 
the  general  facts  of  photosynthesis,  as  the  test 
for  starch  is  very  simple.  It  consists  in  treat¬ 
ing  the  material  to  be  tested  with  a  solution 
of  iodine,  which  gives  starch  a  blue  color.  In 
working  with  leaves  the  chlorophyll  is  first  ex¬ 
tracted,  after  which  the  leaves  are  placed  in 
the  iodine  solution. 

The  necessity  of  light  for  photosynthesis  can 
be  shown  by  keeping  a  leaf  or  a  part  of  a  leaf 
in  the  dark  (being  careful  that  all  parts  of  the 
leaf  have  a  plentiful  supply  of  air)  and  then 
testing  for  starch.  The  leaf  or  the  part  of  the 
leaf  which  was  in  the  dark  will  remain  white, 
while  that  which  was  in  the  light  will  turn  blue 
(Fig.  46). 

The  necessity  for  chlorophyll  is  shown  by  the 
fact  that  starch  is  not  formed  in  those  parts  of 
variegated  leaves  which  lack  chlorophyll. 

Leaves  will  not  produce  starch  in  an  atmos¬ 
phere  that  lacks  carbon  dioxide.  If  a  plant  is 
placed  in  an  atmosphere  containing  a  known  quantity  of  carbon 
dioxide,  it  will  be  found  that  carbon  dioxide  is  absorbed  and  that 
the  carbon  appears  in  the  leaf  in  the  carbohydrates  formed  as  a 
result  of  photosynthesis. 

That  water  is  used  in  photosynthesis  is  shown  by  the  fact  that 
the  carbohydrates  produced  by  this  process  contain  hydrogen, 
which  must  have  been  derived  from  water. 

That  oxygen  is  given  off  in  photosynthesis  can  be  shown  very 
simply  by  the  use  of  certain  water  plants  which  during  photo¬ 
synthesis  give  off  bubbles  of  gas.  This  can  be  collected  by  the 
arrangement  shown  in  Fig.  47.  If  a  glowing  splinter  is  inserted 


Fig.  46.  A  leaf 
tested  with  iodine 
for  starch  after  the 
part  showing  as  a 
star  and  that  out¬ 
side  of  the  circle 
had. been  exposed 
to  the  light  and  the 
remainder  kept  in 
the  dark 


Assimilation  and  Use  of  Materials  53 

into  the  gas,  the  brightness  of  the  glow  is  greatly  increased,  thus 
indicating  a  high  percentage  of  oxygen. 

Relation  to  animals.  Photosynthesis  is  the  source  of  all  the 
food  of  animals.  Animals  do  not  possess  the  power  of  manu¬ 
facturing  food  from  simple  inorganic  compounds,  but  must  ob¬ 
tain  food  that  has  already  been 
elaborated. 

In  respiration,  animals  take 
up  oxygen  and  give  off  carbon 
dioxide,  so  that  if  there  were  no 
plants  to  separate  oxygen  from 
carbon  dioxide,  the  supply  of 
oxygen  would  be  used  up  and 
animals  cease  to  exist. 

From  what  has  been  said  it 
will  be  seen  that,  indirectly,  pho¬ 
tosynthesis  furnishes  man  with 
the  food  he  eats  and  the  oxygen 
he  breathes,  and  that  it  is  also 
the  source  of  his  clothing  and 
such  of  his  other  necessities  as 
come  from  plants  and  animals. 

Supply  of  carbon  dioxide.  The 
rate  of  photosynthesis  is  iaflu- 
enced  by  various  factors,  among 
which  are  the  amount  of  carbon 
dioxide  present,  the  intensity  of 
the  light,  the  temperature,  and  the  amount  of  water  present  in 
the  plant  and  in  the  atmosphere. 

The  amount  of  carbon  dioxide  present  in  the  air  is  fairly  con¬ 
stant,  and  is  about  0.03  per  cent  of  the  total  gases  of  the  atmos¬ 
phere.  Under  natural  conditions  the  rate  of  photosynthesis  is, 
therefore,  not  greatly  influenced  by  any  change  in  the  concentra¬ 
tion  of  carbon  dioxide.  However,  the  rate  of  photosynthesis  can 
be  decreased  or  increased  by  artificially  decreasing  or  increasmg 
the  amount  of  carbon  dioxide.  Growth  in  greenhouse's  has  been 
considerably  increased  by  supplying  additional  carbon  dioxide. 
Doubling  the  amount  of  carbon  dioxide  available  about  doubles 


Fig.  47.  Apparatus  for  collecting  the 
bubbles  of  gas  given  off  by  a  sub¬ 
merged  plant  during  photosynthesis 


54  The  Plant  Kingdom 

the  rate  of  photosynthesis.  When  plants  are  grown  in  heavily 
manured  beds,  part  of  the  increased  growth  obtained  is  due  to 
extra  carbon  dioxide  furnished  by  the  decaying  material.  Under 
natural  conditions  the  amount  of  food  which  a  leaf  could  produce 
is  greatly  lessened  by  the  natural  deficiency  in  the  supply  of  car¬ 
bon  dioxide. 

Light.  As  light  furnishes  the  energy  for  photosynthesis,  it 
would  be  natural  to  suppose  the  rate  of  photosynthesis  would  in¬ 
crease  with  increases  in  the  intensity  of  light.  This  is  true  with 
low  intensities.  From  very  low  intensities  up  to  about  one-fourth 
the  intensity  of  full  sunlight,  there  is  steady  increase  in  the  rate  of 
photosynthesis  with  each  increase  in  intensity.  Under  natural 
conditions,  further  increases  in  the  intensity  of  light  are  nothing 
like  so  effective.  These  further  increases  produce  less  and  less 
increase  in  the  rate  of  photosynthesis.  The  result  observed  is 
probably,  to  a  considerable  extent,  due  to  the  deficiency  in  carbon 
dioxide  noted  in  the  last  paragraph. 

That  plants  are  affected  by  the  intensity  of  illumination  is 
shown  by  the  fact  that  many  plants  will  not  grow  under  the  shade 
of  others.  When  in  shade,  they  cannot  manufacture  enough  sugar 
to  keep  them  alive.  For  this  reason  it  is  not  advisable  to  grow 
crop  plants  too  close  together,  as  they  then  shade  each  other,  with 
the  result  that  the  plants  are  not  as  vigorous  as  they  should  be. 

On  the  same  plant  the  leaves  which  are  fully  exposed  to  the 
sun  are  thicker  than  those  grown  in  the  shade.  This  difference  in 
thickness  is  of  advantage,  because  when  the  light  is  strong  suffi¬ 
cient  light  for  photosynthesis  will  penetrate  through  a  thicker 
layer  of  tissue  than  would  be  the  case  if  the  light  were  weak. 
Fig.  48  shows  sections  of  two  leaves  from  the  same  plant.  The  one 
on  the  right  was  fully  exposed  to  the  sun,  while  the  other  was  more 
or  less  shaded.  The  leaves  of  many  plants,  if  grown  in  different 
habitats,  show  much  greater  differences  than  those  represented  in 
this  illustration. 

Utilization  of  light.  Not  all  portions  of  the  spectrum  are  equally 
efficient  in  promoting  photosynthesis.  The  light  which  is  most  effective 
is  the  red.  To  a  considerable  extent  photosynthesis  is  also  due  to  the  blue- 
violet  part  of  the  spectrum.  This  latter  light  is  less  effective  than  the  red 
because  it  furnishes  less  energy. 
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In  photosynthesis  a  leaf  actually  makes  use  of  only  a  very  small  part 
of  the  light  which  reaches  it.  Calculations  of  this  amount  vary.  One  high 
authority  has  estimated  that  the  amount  is  not  over  one  per  cent  of  the 
light  received  by  the  leaf.  Large  quantities  of  water  are  evaporated  from 
the  leaf  in  the  process  of  transpiration ;  energy  is  employed  in  changing 


this  water  into  water  vapor;  perhaps  half  or  more  of  the  light  which 
reaches  the  leaf  is  used  up  in  producing  this  energy.  A  considerable  pro¬ 
portion  of  the  light  that  reaches  a  leaf  is  reflected  from  the  surface  or  passes 
through  the  leaf  and  is  lost. 

Temperature.  Some  plants  may  carry  on  photosynthesis  at 
temperatures  below  zero  centigrade.  At  such  low  temperatures 
the  rate  of  photosynthesis  is  very  low.  With  temperatures  below 
about  10°  C.,  increases  in  the  temperature  greatly  increase  the 
rate  of  photosynthesis.  Increasing  the  temperature  from  ten  to 
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twenty  degrees  centigrade  about  doubles  the  rate.  In  a  very  care¬ 
fully  controlled  experiment,  increasing  the  temperatures  from 
20°  C.  to  30°  C.  multiplied  the  rate  of  photosynthesis  by  1.6.  Prob¬ 
ably  the  best  temperature  for  the  average  plant  is  between  25°  C. 
and  30°  C. 

Energy.  In  photosynthesis,  energy  derived  from  light  is  used 
in  the  liberation  of  oxygen.  It  is  a  fundamental  principle  in 
physics  that  energy  is  not  destroyed,  but  that  one  form  of  energy 
may  be  changed  to  another,  as  when  electricity  is  transformed  into 
heat.  The  energy  from  the  light  that  is  used  in  photosynthesis  is 
therefore  not  destroyed  but  is  stored  in  the  resulting  products  as 
potential  energy.  All  that  is  necessary  to  release  this  energy  is  to 
combine  the  compounds  resulting  from  photosynthesis  with  the 
amount  of  oxygen  that  was  liberated  in  photosynthesis,  and  thus 
change  them  back  into  carbon  dioxide  and  water.  We  may  say, 
in  general,  that  energy  is  used  in  separating  oxygen  from  carbon 
or  hydrogen,  and  liberated  in  combining  oxygen  with  carbon  or 
hydrogen.  The  combining  of  oxygen  with  another  substance  is 
known  as  oxidation. 

When  we  burn  wood  to  produce  heat  or  light,  we  make  use  of 
the  fact  that  energy  is  liberated  in  oxidation.  Wood  is  composed 
largely  of  compounds  containing  carbon  and  hydrogen.  The 
burning  of  the  wood  is  the  oxidation  of  these  compounds,  with  the 
production  of  carbon  dioxide  and  water  and  the  liberation  of 
energy  in  the  form  of  heat  and  light.  The  energy  that  is  released 
is  the  energy  that  was  derived  from  sunlight  and  stored  in  the 
process  of  photosynthesis.  Coal  consists  of  the  remains  of  plants, 
and  the  burning  of  coal  releases  energy  derived  from  sunlight  and 
stored  by  plants  in  past  geological  ages.  Oil  is  derived  from  plants 
or  animals  or  their  remains,  and  the  energy  released  in  the  com¬ 
bustion  of  oil  is  also  the  stored  energy  of  sunlight.  We  thus  see 
that  all  the  energy  obtained  by  combustion  and  used  for  industrial 
purposes  is  the  energy  of  sunlight  stored  by  plants  in  the  process 
of  photosynthesis. 

Plants  and  animals  use  their  food  not  only  as  building  ma¬ 
terials  out  of  which  their  tissues  are  constructed,  but  also  as  a 
source  of  energy.  This  energy,  like  that  ob,tained  by  burning 
wood  or  coal,  is  liberated  by  oxidation. 
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ELABORATION  OF  PRODUCTS  OF  PHOTOSYNTHESIS 

The  sugar  produced  by  photosynthesis  is  the  basis  from,  which 
the  plant  elaborates  all  the  organic  materials  of  which  it  is  com¬ 
posed.  These  include  substances  which  take  part  in  the  actual 
building  up  of  the  plant,  including  the  protoplasm  and  the  cell 
walls,  and  also  substances  which  are  stored  as  reserve  food  ma¬ 
terials.  The  principal  organic  materials  found  in  plants  belong 
to  three  classes :  carbohy¬ 
drates,  fats,  and  proteins. 

When  a  plant  manu¬ 
factures  more  food  than 
it  needs  for  immediate 
use,  the  surplus  is  stored 
for  future  use.  Food  may 
be  stored  in  certain  parts 
of  ordinary  stems  and 
roots ;  in  especially  modi¬ 
fied  stems,  as  in  the  potato 
and  ginger ;  in  modified 
roots,  as  in  sweet  pota¬ 
toes  ;  or  in  modified  leaves, 
as  in  the  onion.  Seeds  al¬ 
most  always  contain  a 
large  amount  of  stored 
food,  which  nourishes  the 
young  plants  until  they 
become  established.  Re¬ 
serve  foods  are  stored  as  carbohydrates,  fats  and  oils,  and  proteins. 

Carbohydrate's.  Carbohydrates  are  organic  compounds  com¬ 
posed  of  carbon,  hydrogen,  and  oxygen,  the  hydrogen  and  oxy¬ 
gen  usually  being  in  the  same  proportion  as  in  water.  In  general 
the  natural  carbohydrates  contain  in  each  molecule  six,  or  some 
multiple  of  six,  carbon  atoms.  The  simple  c^^rbohydrates  have  a 
sweet  taste  and  are  known  as  sugars. 

The  most  important  carbohydrates  in  plants  are  cellulose,  of 
which  cell  walls  are  composed,  and  sugars  and  starches.  The  chief 
forms  of  carbohydrates  in  which  food  is  stored  are  starches  and 


Fig.  49,  Section  showing  a  few  cells  of  a 
potato  tnber 

The  cells  contain  large  and  conspicuous 
grains  of  starch  and  a  small  amount  of  small 
granules  of  protein,  (x  156) 
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sugars.  Other  storage  forms  of  carbohydrates  are  hemicellulose, 

or  reserve  cellulose,  and  inulin.  ,  i  j  .1  • 

Suaars  The  three  sugars  that  are  found  most  abundantly  in 

plants  are  glucose  (grape  sugar),  fructose  (fruit  sugar)  and  — 
(cane  sugar).  Glucose  and  fructose  have  the  formula  C6H12O6. 
Thev  are  thus  composed  of  the  same  kinds  of  atoms  in  the  same 

proportion,  but  the  arrange¬ 
ment  in  the  molecule  is  dif¬ 
ferent.  The  simplest  natural 
sugars  have  this  formula  and 
are  known  as  monosaccha¬ 
rides.  Sucrose  (C12H22O11) 
has  twice  as  many  carbon 
atoms  and  is  a  disaccharide. 
It  may  be  regarded  as  com¬ 
posed  of  one  molecule  of 
glucose  and  one  of  fructose, 
which  are  linked  together 
with  the  dropping  out  of 
one  molecule  of  water.  Su¬ 
crose  is  familiar  as  the  or¬ 
dinary  granulated  sugar  of 
commerce,  which  is  obtained 
from  sugar  cane  or  sugar 
beets.  Maple  sugar  also  is 
sucrose.  Glucose  and  fruc¬ 
tose  are  found  in  nearly  all 
plants,  and  glucose  is  an  in¬ 
gredient  of  a  thick  sirup  which  is  made  by  treating  starch  with 
dilute  sulphuric  acid  and  afterward  removing  the  acid.  Such  sirups 
are  frequently  called  corn  sirups,  because  com  starch  is  most 
commonly  used  in  their  preparation.  As  glucose  and  fructose  are 
in  solution  and  have  relatively  simple  molecules,  they  are  good 
material  for  the  building  up  of  other  substances  or  for  the  fur¬ 
nishing  of  energy.  In  some  plants,  as  in  the  sugar  beet  and  sugar 
cane,  sucrose  is  the  chief  form  in  which  reserve  food  is  stored. 

Starch.  Starch  is  a  polysaccharide  having  the  general  formula 
(CeHioOsln,  in  which  n  is  a  large  number.  Just  as  sucrose  may  be 


Fic.  50.  Section  of  a  few  cells  of  mungo 
bean  (Phaseoliis  radiatus) 

The  cells  contain  large  and  conspicuous 
grains  of  starch  and  small  granules  of 
protein.  (X  270) 
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regarded  as  the  union  of  two  monosaccharide  molecules  with  the 
elimination  of  one  molecule  of  water,  so  starch  may  be  regarded  as 

the  union  of  many  monosac¬ 
charide  molecules  with  the  loss 
of  water.  Starch  is  insoluble 
in  cold  water,  and  occurs  in 
plants  in  the  form  of  grains 
(Figs.  45, 49, 50).  Starch  grains 
from  different  plants  have  dif¬ 
ferent  shapes  and  configura-’ 
tions.  Owing  to  this  fact  it  is 
possible  to  identify  starches  by 
the  use  of  a  microscope.  The 
Fig.  51.  Single  grain  of  potato  starch  grains  of  starch  are  found  in 

i'atl  rloTi  amyloplasts  (Fig.  51).  Starch 
(right).  (  X  765)  is  formed  from  sugar,  and  can 

easily  be  converted  into  sugar 
either  in  plants  or  in  a  chemical  laboratory.  The  storage  of  car¬ 
bohydrates  in  the  form  of  starch  has  the  advantage  that  the 
starch  is  insoluble  and  therefore  does  not  produce  excessive 
osmotic  pressure. 

Inulin.  Inulin,  like  starch, 
is  a  polysaccharide  and  belongs 
to  the  general  class  of  starches. 

In  some  plants,  especially  the 
Com^ositae,  inulin  occurs  in 
considerable  quantities.  Inulin 
is  soluble  in  water  and  occurs 
in  plants  in  solution.  It  can 
be  precipitated  by  alcohol, 
when  it  forms  characteristic 
spherocrystals  (Fig.  52).  After 
being  extracted  from  plants  it  Fig.  52.  Spherocrystals  of  inulin  in 
is  a  white  powder  like  starch  cells  of  dahlia  root.  (  x  304) 

in  appearance. 

Hemicellulose.  In  some  seeds  food  is  stored  in  thickened  cell 
walls  in  the  forms  of  hemicellulose,  or  reserve  cellulose.  Food  is 
stored  in  this  form,  however,  much  more  rarely  than  as  sugar 
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or  starch.  Reserve  cellulose  is  found  in  some  palm  seeds  and  also 
in  the  seeds  of  some  other  plants  (Figs.  14,  53,  54). 

Cellulose.  Cellulose  is  a  carbohydrate  with  a  general  formula 
similar  to  that  of  starch ;  that  is,  (C6Hio05)n-  However,  the  atoms 
are  arranged  differently  in  the  molecule,  and  starch  and  cellulose 
have  very  different  properties.  In  the  plant,  cellulose  is  made 
from  sugars.  It  serves  as  building  material  in  the  formation  of  the 
cell  wall.  There  is  no  evidence  that  plants  can  convert  true  cellu¬ 
lose  into  a  soluble  form.  There  are,  however,  bacteria  which  can 

do  this. 

Fats  and  oils.  The  natural 
fats  and  fatty  oils  in  plants 
and  animals  all  belong  to  the 
same  general  class  of  com¬ 
pounds  and  are  composed  of 
glycerin  (C3H5(OH)3)  in  com¬ 
bination  with  organic  acids. 
Glycerin  has  three  OH  groups 
which  can  be  replaced  by  acid 
radicals.  In  natural  fats  all 
three  groups  are  replaced,  so 
that  the  natural  fats  are  tri¬ 
glycerides.  Fats  are  composed 
of  carbon,  hydrogen,  and  oxy¬ 
gen,  and  are  characterized  by  a  small  percentage  of  oxygen,  as 
may  be  seen  from  the  formulas  of  such  common  fats  as  stearin 
(CsrHiioOe),  palmitin  (CsiHgsOo),  olein  (C57H1O4O0) ,  and  lino- 
lein  (CsTHgsOe).  Owing  to^the  very  small  percentage  of  oxygen 
contained  in  fats,  the  oxidation  of  fats  produces  large  amounts 
of  energy.  More  energy  is  obtained  by  oxidizing  a  given  volume 
of  fats  than  by  oxidizing  a  similar  volume  of  any  other  known 
kind  of  compound  that  is  found  in  either  plants  or  animals. 

Fats  may  be  solid  or  liquid  (oils),  according  to  the  temperature. 
Fatty  oils  occur  in  plants  in  the  form  of  globules  (Figs.  55-58). 

Proteins.  The  proteins  are  the  most  iinpprtant  group  of  com¬ 
pounds  found  in  plants,  as  they  constitute  the  active  matter  of 
protoplasm,  and  the  chemical  phenomena  of  life  processes  are 
associated  with  them. 


Fig.  53.  Thickened  walls  of  hemicellu- 
lose  from  betel-nut  palm  seed.  (  X  140) 


Fig.  54.  Reserve  cellulose  in  the  form  of  thickened  cell  walls  in  the  seed  of 
the  Japanese  persimmon  {Diospyros  kaJci) 

The  white  areas  around  the  cells  are  the  cell  walls.  Note  the  fine  protoplastic 
connections  between  the  cells 


Fig.  55.  Cells  of  endosperm  (meat)  of  coconut 

Left,  cut  parallel  with  the  surface  of  the  meat  (x  290) ;  right,  cut  perpendicular 
to  the  surface  of  the  meat  (x  185).  The  large  globules  are  oil  and  the  small 
granules  are  protein 


Fig.  56.  Cells  near  the  outer  part  of  the 
cotyledon  of  peanut 

The  large  globules  are  oil;  the  white 
bodies,  starch  grains;  the  small  dark 
granules,  protein ;  and  the  knoblike 
thickenings  on  the  walls,  hemiceUulose. 
(X  225) 


representative  proteins  as  zem 
(C736H1161N184O208S3) 
from  Indian  corn ;  gliadin 
(C685H1068N196O211S6) 
from  wheat ;  casein 

(C708H1130N180O224S4P4) 
from  milk.  The'  proteins  com 
tain  carbon,  hydrogen,  oxygen, 
nitrogen.  Other  substances, 
such  as  sulfur  and  phosphorus, 
are  also  found  in  some  proteins. 
Proteins  are  not  only  the  prin¬ 
cipal  constituents  of  proto¬ 


plasm  but,  in  the  form  of  solid  granules,  are  frequently  found  in 


plants  as  reserve  food  material. 

Proteins  are  formed  by  a 
rearrangement  of  the  atoms 
of  carbohydrates  with  the  ad¬ 
dition  of  nitrogen,  commonly 
sulfur,  and  sometimes  phos¬ 
phorus.  Proteins  are  divided 
into  two  classes,  simple  prote¬ 
ins  and  conjugated  proteins. 
The  simple  proteins  are  made 
up  of  about  twenty  substances 
known  as  amino  acids.  These 
are  in  themselves  very  com¬ 


plex,  and  a  molecule  of  pro- 
tem  contains  many  molecules 
of  amino  acids.  Amino  acids 
are  peculiar  in  that  they  have 
both  basic  and  acid  properties. 


Fig.  57.  Cells  of  lumhang  nut 

The  granules  are  protein.  Note  how  the 
oil  fills  the  cells.  Lumbang  is  a  fair-sized 
tropical  tree.  The  oil  has  much  the 
same  properties  as  linseed  oil.  (X  266) 
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The  proportion  of  the  different  amino  acids  in  different  proteins 
varies ;  and  some  proteins  lack  amino  acids  found  in  other  pro¬ 
teins.  Animal  proteins  are  better  for  human  food  than  plant  pro¬ 
teins  because  the  amino  acid  content  of  animal  proteins  is  more 
like  that  of  human  proteins  than  is  the  amino  acid  content  of 
plant  proteins.  Some  plant  proteins  lack  entirely  some  of  the 
amino  acids  which  are  essential  for  the  building  of  human  proteins. 

Conjugated  proteins  are  pro¬ 
teins  which  are  united  with 
other  material.  The  proteins 
in  the  nucleus  are  mostly  nu- 
cleoproteins.  These  are  com¬ 
pounds  of  nucleic  acid  and  pro¬ 
teins.  Nucleic  acid  is  a  very 
complex  compound  and  con¬ 
tains  phosphorus. 

Plant  materials  as  human 
food.  The  sugars,  starches,  fats, 
and  proteins  which  are  stored 
in  plants  are  also  used  as  food 
by  man  and  animals.  The  fats 
and  carbohydrates  are  sources 
of  energy.  In  man  they  may 
be  digested  and  then  stored  as 
fat.  They  are  not  used  as  body¬ 
building  material,  as  the  human 
organism  cannot  build  proteins  except  from  proteins.  Plant  pro¬ 
teins  serve  human  beings  as  sources  of  both  energy  and  body¬ 
building  material.  People  need  much  more  protein  if  taken  in  the 
form  of  plant  proteins  than  if  consumed  as  animal  proteins.  This 
is  because,  as  mentioned  above,  some  of  the  amino  acids  which 
are  necessary  to  human  nutrition  and  cannot  be  manufactured 
in  the  human  body  are  lacking  in  some  of  the  plant  proteins,  and, 
moreover,  the  proportion  in  which  amino  acids  occur  in  plant  pro¬ 
teins  is  not  as  favorable  for  human  nutrition  as  the  proportion 
in  animal  proteins.  The  parts  of  plants  which  furnish  the  greatest 
amount  of  food  are  the  storage  organs  where  the  plant  has  stored 
food  for  the  use  of  itself  or  its  progeny.  Most  seeds  are  rich  in 


Fig.  58.  Cells  from  seed  of  Croton 
tiglium  with  large,  rounded  oil  glob¬ 
ules  and  irregularly  shaped  protein 
granules.  (  X  450) 
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reserve  food  material,  and  seeds  furnish  most  of  the  energy  foods 
of  a  large  part  of  the  human  race.  Food  in  seeds,  however,  is  not 
always  in  a  form  suitable  for  human  use.  This  is  true  of  date  and 
persimmon  seed,  where  the  food  is  stored  largely  as  hemmellulose. 
Other  seeds  contain  poisonous  materials  or  substances  which  render 
them  unpalatable.  Fruits  usually  contain  less  nutritive  material 
than  seeds ;  here  the  food  is  stored  to  attract  animals  which  scat¬ 
ter  the  seed,  and  not  for  the  use  of  the  plant  itself. 

People  need  large  quantities  of  calcium  and  iron.  These  are 
found  in  vegetables  and  fruits ;  they  are  particularly  abundant  in 
green  leafy  vegetables,  and  very  much  less  abundant  in  blanched 
leaves.  In  their  importance  as  sources  of  calcium  and  iron  the 
green  leafy  vegetables  rank  first,  other  succulent  vegetables  second, 
and  fruits  third. 


Vitamins.  Plants  are  very  excellent  sources  of  vitamins.  Vitamins 
are  substances  which  are  very  essential  in  animal  and  human  nutrition. 
In  most  cases,  if  not  in  all,  the  vitamin  or  a  substance  which  is  readily 
converted  into  vitamin  is  manufactured  by  plants,  and  cannot  be  manu¬ 
factured  in  the  animal  body.  There  are  several  vitamins  which  are  very 
widely  distributed  in  plants  and  in  which  human  diet  may  be  deficient. 
Vitamins  are  usually  distinguished  by  letters.  Plants  are  excellent  sources 
of  vitamins  A,  B,  C,  and  G.  Vitamin  A  is  formed  from  carotin,  one  of  the 
pigments  of  chlorophyll.  It  is  generally  regarded  as  essential  for  giving 
immunity  against  infection  and  for  the  prevention  of  certain  types  of  eye 
trouble.  As  carotin  is  one^f  the  pigments  of  chlorophyll,  it  follows  natu¬ 
rally  that  the  green  leafy  vegetables  are  excellent  sources  of  vitamin  A. 
The  color  of  many  yellow  or  highly  colored  vegetables  and  fruits,  such  as 
carrots,  yellow  corn,  yellow  sweet  potato,  tomatoes,  cantaloupes,  oranges, 
and  pineapples  is  to  a  considerable  extent  due  to  carotin,  and  these  are 
good  sources  of  vitamin  A.  Vitamin  B  is  necessary  for  normal  growth. 
It  is  known  as  the  antineurotic  vitamin,  and  a  deficiency  results  in  the 
disease  called  ‘'beriberi.”  Vitamin  B  is  very  widely  distributed  in  both 
vegetable  and  animal  products,  but.  is  insufficient  in  polished  cereals. 
Beriberi  is  found  chiefly  in  the  Orient  among  people  whose  diet  consists 
largely  of  polished  rice.  Vitamin  C  is  necessary  for  the  normal  functioning 
of  the  body,  and  deficiency  results  in  scurvy.  This  vitamin  is  abundant  in 
many  fruits  and  vegetables,  but  is  destroyed  to  a  considerable  extent  by 
cooking  in  the  presence  of  oxygen.  This  is  one  of  the  reasons  that  fresh 
fruits  are  valuable,  as  they  contain  vitamin  G  and  they  are  eaten  without- 
cooking.  Vitamin  G  is  widely  distributed  in  fruits  and  vegetables.  It  is 
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necessary  for  normal  growth  and  well-being,  and  a  considerable  deficiency 
results  in  the  disease  known  as  pellagra.  A  pronounced  deficiency  of  a 
vitamin  results  in  a  specific  disease.  A  lesser  deficiency  may  result  in  a 
decrease  in  well-being  without  producing  very  pronounced  symptoms. 
The  actual  amounts  of  vitamins  present  in  plants  are  small.  The  amount 
needed  by  men  and  animals  is  correspondingly  small.  Small  amounts  have 
very  pronounced  effects.  There  is  practically  no  evidence  as  to  the  role 
played  by  vitamins  in  the  activity  of  a  plant. 


DIGESTION 

Food  stored  as  starch,  cellulose,  fatty  oil,  or  protein  is  not 
soluble  in  water,  and  so  must  be  converted  into  a  soluble  form 
before  it  can  be  used  by  plants  or  transported  from  one  part  of 
a  plant  to  another.  This  conversion  is  accomplished  by  substances 


Fig.  59.  Stages  in  digestion  of  starch  grains  of  barley  by  diastase 


known  as  enzymes,  which  belong  to  the  general  category  of  cata¬ 
lysts.  Catalysts  are  substances  which  change  (usually  accelerate) 
the  rate  of  a  reaction.  Owing  to  the  fact  that  a  reaction  which  is 
accelerated  by  an  enzyme  might  take  place  so  slowly  without  the 
enzyme  as  to  be  imperceptible,  it  is  customary,  in  order  to  avoid 
the  use  of  cumbersome  language,  to  speak  of  an  enzyme  as  acting 
on  a  substance  rather  than  as  accelerating  the  rate  of  a  reaction. 

Enzymes,  like  other  catalysts,  are  characterized  by  not  being  a 
part  of  the  initial  substance  in  the  reaction  or  of  the  final  product, 
by  not  changing  in  the  reaction,  by  influencing  a  change  in  a  rela¬ 
tively  great  volume  of  the  reacting  substance,  and  by  accelerating 
the  effect  in  direct  proportion  to  the  amount  of  catalyst  present. 

As  an  example  of  inorganic  catalysts  we  may  mention  spongy 
platinum,  which  accelerates  the  oxidation  of  sulphur  dioxide  in 
the  manufacture  of  sulphuric  acid.  Another  example  is  finely 
divided  nickel,  which  is  used  in  the  commercial  hydrogenation  of 
oils.  By  this  means  many  liquid  oils  are  turned  into  solid  fats. 
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Plants  contain  many  different  kinds  of  enzymes,  and  each 
enzyme  acts  on  only  one  substance  or  on  a  group  of  similar  sub¬ 
stances.  The  best-known  reactions  that  are  accelerated  by  enzymes 
are  those  in  which  complex  substances  are  split  into  simpler  ones. 
It  is  known  in  some  cases,  however,  that  a  given  enzyme  can 
accelerate  a  reaction  in  either  direction  j  that  is,  the  enzyme  which 
splits  up  a  complex  substance  can  also  influence  the  reverse  proc¬ 
ess  of  the  building  up  of  the  same  complex  substance. 

For  simplicity  we  will  mention  only  a  few  of  the  many  known 
enzymes.  Diasiase  converts  starch  into  sugar,  so  that  the  action 
of  this  substance  changes  an  insoluble  substance  into  a  soluble 
one  (Fig.  59).  Invertase  changes  cane  sugar  into  glucose  and  fruc¬ 
tose.  Lipase  breaks  up  fats  into  their  components,  glycerin  and 
fatty  acids.  Papain  splits  proteins  into  amino  acids. 

Enzymes  are  just  as  important  in  animals  as  in  plants.  The 
process  of  digestion  could  not  be  carried  on  in  their  absence. 

The  chemical  composition  of  enzymes  is  entirely  unknown,  and 
they  can  be  recognized  only  by  their  action ;  but,  since  many  of 
them  have  been  prepared  as  dry  powders,  they  may  be  regarded 
as  chemical  compounds  the  composition  of  which  we  may  hope  to 
know  some  day. 

Enzymes  are  colloids,  and,  like  colloids  in  general,  are  unstable.  Tem¬ 
perature  affects  enzymic  action  in  much  the  same  way  as  it  does  vital 
processes.  Very  little  enzymic  activity  takes  place  at  temperatures  around 
0°C.  At  favorable  temperatures,  the  rate  of  enzymic  activity  is  about 
doubled  with  an  increase  in  temperature  of  10°  C.  The  optimum  tem¬ 
perature  for  enzymic  activity  is  usually  between  45°  C.  and  50°  C.,  and  so 
is  higher  than  that  of  vital  activities  such  as  growth.  Heating  to  70°  C. 
destroys  enzymes. 

ASSIMILATION  IN  HETEROTROPfflC  PLANTS 

Plants  which  manufacture  their  own  food  are  autotrophic  plants. 
There  are  various  types  of  algae  which  have  pigments  in  addition 
to  chlorophyll  and  are  also  autotrophic ;  that  is,  they  manufacture 
their  own  food.  In  addition  there  are  autotrophic  bacteria.  Some 
of  these  obtain  energy  by  oxidizing  inorganic  substances.  The 
processes  concerned  will  be  discussed  in  the  chapter  on  bacteria. 

Many  plants  lack  chlorophyll  and  are  dependent  on  organic 
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cornpounds  as  a  source  of  food  material  and  energy .  Sucli  plants 
are  heterotrophic.  They  are  saprophytes  (Fig.  9)  when  they  obtain 


heterotrophic  plants  is  often 
not  very  different  from  that 
of  the  colorless  parts  of  green 
plants  which  must  obtain 
their  food  from  the  green 
portions  of  the  plant. 
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include  a  very  large  num¬ 
ber  of  mushrooms  and 
molds.  When  green  plants 
use  food  stored  in  them, 
this  food  is  first  converted 
into  soluble  form  by  en¬ 
zymic  action.  The  enzymes 
concerned  are  secreted  with¬ 
in  the  tissues  of  the  plant 
itself.  Saprophytes,  such  as 
molds,  excrete  enzymes  into 
the  medium  in  which  they 
grow  and  in  this  way  con¬ 
vert  insoluble  materials  into 
soluble  ones  which  they  can 
absorb.  Most  saprophytes, 
when  supplied  with  energy- 
producing  materials,  can  60.  Cuscuta,  a  parasitic  vine 

utilize  simple  inorganic  ni-  The  stems  produce  haustoria  that  enter  the 

pnTnnrmnd«^  fnr  host  and  absorb  water  and  food  material, 
trogenous  compounds  tor  haustoria  are  regarded  as  roots  by 

the  building  up  of  proteins  some  authorities,  (x  1) 

just  as  green  plants  do. 

Some  bacteria  require  nitrogen  in  organic  form,  and  these  are 
very  like  animals  in  their  nutrition.  On  the  other  hand,  there 
are  certain  types  of  bacteria  which  can  utilize  the  nitrogen  of 
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the  atmosphere.  These  plants  are  exceedingly  important  from  the 
standpoint  of  agriculture  and  will  be  discussed  later. 

Parasites.  Many 
parasites  live  much  as 
do  saprophytes  except 
that  they  are  attached 
to  living  organisms 
from  which  they  ob¬ 
tain  food.  Figs.  60, 61 
show  the  relation  of 
the  well-known  para¬ 
site  Cuscuta  (dodder) 
to  the  host.  The  stem 
produces  haustoria 
which  enter  the  host. 
In  Fig.  61  it  will  be 
seen  that  the  cells  of 
the  haustorium  are  be¬ 
tween  the  phloem  and 
the  xylem  of  the  stem 
of  the  host,  and  so  are 
in  a  favorable  position 
to  absorb  both  food 
and  water.  The  xylem 
of  the  haustorium  is 
in  contact  with  that  of 
the  host.  It  can  be 
recognized  by  the  spi¬ 
ral  thickenings  on  the 
walls.  Some  plants, 
such  as  the  mistletoe 
(Fig.  8),  are  abun¬ 
dantly  supplied  with 
chloroplasts,  and  their  chief  dependence  on  the  host  is  for  water, 
though  they  must  also  depend  on  it  for  those  other  elements  which 
autotrophic  plants  derive  from  the  soil.  Such  plants  are  known  as 
hemiparasites. 


Fig.  61.  Section  through  haustoria  and  portion  of 
host  of  Cuscuta  (see  Fig.  60) 

Note  that  cells  of  the  haustorium  are  between 
the  xylem  and  the  phloem  of  the  host,  and  that  the 
xylem  of  the  parasite  is  in  contact  with  that  of 
the  host.  (X  70) 
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Fig.  62.  Development  of  Balanophora,  a  parasite  growing  on  the  roots  of 

other  plants 

When  the  germinating  seedling  of  the  parasite  reaches  the  host,  it  develops  a 
large  tubercle  (A) ,  and  the  cortex  of  the  root  of  the  host  is  destroyed  where  the 
tubercle  is  in  contact  with  it.  The  wood  becomes  broken  up  and  the  strands 
separated  from  each  other.  The  tissues  of  the  parasite  penetrate  between  those 
of  the  host  to  such  an  extent  as  to  make  it  difficult  to  distinguish  between  host 
and  parasite.  The  development  of  the  parasite  results  in  the  death  of  the  root 
of  the  host  beyond  the  point  of  attachment  (J5).  The  flowering  shoots  of  the 
parasite  develop  within  the  tubercular  growth  and,  in  expanding,  break 
through  it.  C  shows  a  section  of  the  tubercular  growth  enclosing  two  developing 
flower  shoots.  The  rounded  structures  at  the  ends  of  the  shoots  are  flower 
heads.  D  and  E  show  more  advanced  flower  shoots.  (After  Kdenholz) 

INSECTIVOROUS  PLANTS 

There  are  several  genera  of  flowering  plants  which  have  leaves 
that  catch  insects  and  other  small  animals  and  absorb  nutriment 
material,  particularly  nitrogenous  substances,  from  them.  In  some 
cases  the  captured  animal  is  decomposed  by  bacteria,  in  others  it  is 
digested  by  the  enzymic  action  of  digestive  fluids  secreted  by  the 
leaves  themselves.  All  these  plants  are  provided  with  chloroplasts, 
and  probably  all  of  them  can  live  in  a  purely  autotrophic  manner 
when  animal  food  is  not  available. 

Pitcher  plants.  The  pitcher  plants  have  their  leaves  modified 
into  pitchers  in  which  water  collects.  The  best-known  pitchers 
belong  to  the  temperate-zone  genus  Sarracenia  (Figs.  63,  64)  and 
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the  tropical  genus  Nepenthes  (Fig.  65).  The  species  of  Sarrocmia 
Ire  lLe  plants;  that  is,  the  leaves  arise  m  a  cluster  from  a 
very  short  stem.  The  species  of  Nepenlhes  are  mnes  on  which  the 
pitchers  are  home  at  the  ends  of  long,  tendril-like  leaves.  Insects 
Le  drowned  in  the  water  in  the  pitchers.  In  the  pitchem  of  the 
genus  Sanacenia  the  insects  are  decomposed  hy  the  action  of 
bacteria,  while  the  pitchers  of  the  genus  Nepenthes  excrete  a  diges- 


Fig.  63,  Sarracenia,  a  pitcher  plant,  showing  flowers  Fic.  64.  Pitcher  leaf  of 

and  pitcher  leaves.  Modified  after  Barton  Sarracenia.  (  X  i) 

tive  fluid.  After  the  insects  are  decomposed,  the  products  are 
absorbed  by  the  leaves.  The  pitchers  of  Nepenthes  frequently 
collect  so  much  clear  water  that  it  can  be  used  by  people  for  drink¬ 
ing  In  such  cases  it  would  seem  probable  that  the  leaves  not  only 
furnish  the  plants  with  materials  from  the  bodies  of  the  captured 
insects  but  also  with  water. 

Sundews.  The  sundews  {Drosera  spp.)  are  small  plants  which 
have  their  leaves  arranged  in  the  form  of  a  rosette  (Fig.  66).  These 
leaves  are  thickly  covered  with  glands  which  are  borne  on  slender 
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stalks  (Fig.  67).  These  glands  excrete  a  sticky  fluid  in  which  insects 
become  entangled  when  they  come  in  contact  with  the  leaf.  After 
an  insect  has  been  captured  in  this  manner,  the  leaf  encloses  it 
while  the  glands  excrete  a  fluid  which  digests  the  insect.  The 
digested  material  is  then  absorbed  by  the  leaf. 

Venus’s-fiytrap.  The  Venus’s-flytrap  {Dionaea  muscipula)  is 
also  a  small  rosette  plant  (Fig.  68).  The  petiole  is  expanded  into 


Fig.  65.  Pitcher  leaf  of  Fig.  66.  Drosera,  a  carnivorous  plant. 

Nepenthes.  (  X  i)  (  X  i) 


a  bladelike  structure  which  serves  for  photosynthesis.  The  blade 
is  specially  fitted  for  capturing  insects.  It  consists  of  two  valves, 
each  of  which  bears  upon  its  upper  surface  three  short,  rather  stiff 
bristles.  Mechanical  contact  with  these  bristles  causes  the  two 
valves  to  close  together.  When  an  insect  alights  on  the  blade  and 
brushes  against  these  bristles,  the  leaf  closes  and  thus  entraps  the 
insect.  The  glands  on  the  surface  of  the  blade  then  excrete  a  fluid 
which  digests  the  insect,  after  which  the  digested  material  is 
absorbed  and  the  leaf  opens. 


72 


The  Plant  Kingdom 


''Ml 


•C©'  j?* 


Fig.  67.  Lfeaves  of  Drosera.  (Eedrawn  after  Darwin) 

rat  (Fig.  69).  These  bladders  are  provided  with  trap  doors  which 
allow  the  animals  to  enter  and  then  bar  their  exit  (Fig.  69).  Small 
crustaceans  may  remain  alive  in  these  bladders  for  a  considerable 


Fig.  68.  Venus’s-flytrap  {Dionaea  muscipula) .  (  X  |) 

length  of  time,  and  it  is  probable  that  some  of  the  products  of  their 
excreta  are  absorbed  by  the  plant.  They  finally  die  and  are  de¬ 
composed  by  the  action  of  bacteria.  Nitrogenous  products,  which 
can  be  absorbed  by  the  plants,  are  thus  liberated. 
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Some  species  of  Utricularia  live  in  water  (Figs.  69,  70),  while 
others  grow  on  a  very  moist  substratum  (Fig.  71).  The  latter  have 
aerial  shoots  which  bear  flowers.  In  some  forms  there  are  ordinary 
leaves  near  the  base  of  the  plant,  and  also  structures  (Fig.  71) 
which  are  morphologically  leaves  but  which  have  the  appearance 
of  horizontal  branches  and  bear  leaflike  outgrowths  and  also 


Fig.  69.  Utricularia 

Left,  portion  of  a  plant  (X  1) ;  upper  right,  an  animal-catching  bladder  (x  5) ; 
lower  right,  section  of  animal-catching  bladder  (X  6) 

animal-catching  bladders.  These  branchlike  leaves  serve  the  pur¬ 
poses  of  roots,  both  in  anchoring  the  plant  and  in  absorbing  water. 

There  are  other  forms  of  carnivorous  plants,  but  those  already 
mentioned  will  give  some  idea  of  the  diversity  of  leaf  structures 
used  in  capturing  small  animals. 

Similarity  to  animals.  Some  carnivorous  plants  have  properties 
which  are  usually  regarded  as  characteristic  of  animals.  The  case 
of  Dionaea  is  particularly  striking.  This  plant  is  able  to  respond 
to  stimuli  by  movement,  to  excrete  a  digestive  fluid  and  to  digest 


Fig.  70.  Habit  of  floating  XJtricularia 


As  the  insectivorous  plants  can  manufacture  food  by  means  of 
photosynthesis  and  can  make  use  of  inorganic  nitrogen  compounds 
for  the  synthesis  of  proteins,  their  method  of  nutrition  is  nothmg 
like  so  near  that  of  animals  as  is  the  case  with  some  bacteria  which 
must  obtain  all  their  food  in  the  form  of  organic  compounds. 
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Fig.  71,  A  Utricularia  that  lives  on  a  very  moist  substratum 

The  horizontal  stemlike  structures  are  modified  leaves  which  bear  leaflike  out¬ 
growths  and  animal-catching  bladders  and  function  as  roots.  (X  1) 

RESPIRATION 

Definition.  The  oxidation  by  plants  or  animals  of  compounds 
containing  carbon  and  hydrogen  to  carbon  dioxide  and  water,  with 
the  liberation  of  energy,  is  known  as  respiration. 

Importance.  The  value  of  the  process  lies  in  the  fact  that  it 
releases  the  energy  of  sunlight  which  was  stored  by  the  leaves  in 
photosynthesis,  so  that  this  energy  may  be  used  for  the  vital  activ¬ 
ities  of  the  plant. 

All  work  requires  energy.  Moreover,  the  energy  must  be  in  a 
form  suitable  for  the  performance  of  the  particular  kind  of  work 
to  be  done.  In  the  flowing  of  water  in  a  large  waterfall  a  tremen¬ 
dous  amount  of  energy  is  expended.  This  energy  can  be  used  for 
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cooking  or  illuminating,  but  in  order  that  this  may  be  done  the 
form  of  the  energy  must  be  changed  to  heat  or  light. 

In  the  activities  of  a  plant,  work  is  performed ;  and,  like  all 
other  work,  this  requires  energy.  The  green  parts  of  plants  use 
the  energy  of  sunlight  for  photosynthesis,  but  energy  as  it  occurs 
in  light  is  not  in  a  form  that  can  be  used  for  such  vital  processes  as 
growth,  movement,  etc.  It  becomes  converted  into  suitable  form 
for  these  processes,  however,  when,  after  being  stored  in  photo¬ 
synthesis,  it  is  released  by  respiration. 

In  this  way  not  only  is  the  energy  of  sunlight  changed  to  a  form 
in  which  it  can  be  used  for  the  general  vital  activities  of  the  plant, 
but,  moreover,  any  excess  which  is  stored  in  the  products  of  photo¬ 
synthesis  and  not  needed  at  the  time  may  be  conserved  for  use 
when  it  is  required. 

Process.  Kespiration  is  not  a  particular  function  of  any  plant 
organ  but  is  carried  on  by  all  living  cells.  In  this  process  oxygen 
is  combined  with  compounds  containing  carbon  and  hydrogen. 
This  results  in  the  breaking  down  of  the  compounds  to  form  carbon 
dioxide  and  water,  and  in  the  liberation  of  energy. 

If  sugar  is  the  compound  that  is  being  oxidized,  we  may  write 
the  formula  for  respiration  as  follows : 

C6H12O6  +  6  O2  6  CO2  +  6  H2O. 

If  we  compare  the  above  formula  with  that  previously  given 
for  photosynthesis,  we  find  that  one  is  the  reverse  of  the  other, 
which  is  in  keeping  with  the  fact  that  photosynthesis  stores  energy, 
while  respiration  releases  it. 

This  oxidation  process  is  carried  on  at  ordinary  temperatures. 
The  oxidation  at  such  temperatures  is  due  to  the  activity  of  oxidiz¬ 
ing  enzymes. 

Source  of  oxygen.  In  leaves  that  are  carrying  on  photosynthe¬ 
sis,  oxygen  which  is  liberated  by  this  process  is  used  in  respiration. 
If  photosynthesis  is  rapid,  however,  more  oxygen  is  liberated 
than  is  used  in  respiration,  and  the  excess  diffuses  from  the  cells 
into  the  intercellular  spaces  and  thence  into  the  external  atmos¬ 
phere.  This  is  the  case  under  ordinary  conditions  in  bright  light. 

Plant  organs  which  do  not  contain  chlorophyll,  such  as  petals 
and  roots,  obtain  oxygen  from  the  air.  The  same  is  true  of  leaves 
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when  they  are  in  the  dark  and  so  are  not  liberating  oxygen  by 
means  of  photosynthesis.  In  this  case  oxygen  in  the  intercellular 
spaces  goes  into  solution  in  the  water  held  in  the  cell  wall.  It  then 
diffuses  in  this  water  until  it  enters  the  protoplasm,  where  it  can 
be  used  for  respiration. 

Fate  of  products.  The  water  produced  by  respiration  mixes 
with  the  water  of  the  cell. 

In  the  case  of  organs  without  chlorophyll  or  of  green  organs  in 
the  dark,  the  carbon  dioxide  diffuses  out  of  the  cell  into  the  sur¬ 
rounding  atmosphere.  In  green  tissues  which  are  actively  carry¬ 
ing  on  photosynthesis  most  of  the  carbon  dioxide  will  be  used  in 
photosynthesis  without  leaving  the  cell  in  which  it  is  produced. 

From  the  above  it  will  be  seen  that  when  a  plant  organ,  from 
lack  of  chlorophyll  or  light,  is  not  carrying  on  photosynthesis,  it 
will,  owing  to  respiration,  absorb  oxygen  and  give  off.  carbon 
dioxide.  When  photosynthesis  is  active  in  green  tissues,  more 
oxygen  is  liberated  by  photosynthesis  than  is  used  in  respiration, 
and  more  carbon  dioxide  is  employed  in  photosynthesis  than  is 
produced  by  respiration,  with  the  result  that  these  tissues  will 
absorb  carbon  dioxide  and  give  off  oxygen. 

Whether  leaves  in  light  give  off  carbon  dioxide  or  oxygen  will 
naturally  depend  on  whether  more  carbon  dioxide  is  produced  by 
respiration  or  is  used  in  photosynthesis.  With  very  feeble  light 
the  respiration  of  leaves  may  produce  more  carbon  dioxide  than  is 
used  in  photosynthesis,  and  so  the  leaves  absorb  oxygen  and  give 
off  carbon  dioxide  even  when  they  are  performing  photosynthesis 
slowly.  On  an  average  day,  however,  the  products  of  photo¬ 
synthesis  must  be  built  up  in  the  green  tissues  much  more  rapidly 
than  they  are  broken  down  by  respiration.  A  surplus  must  be 
accumulated  to  supply  material  for  the  respiration  of  the  organs 
lacking  chlorophyll,  and  also  for  the  respiration  of  the  green  tissues 
themselves  at  night.  In  addition,  building  material  must  be  pro¬ 
duced  for  the  growth  of  the  plant  body. 

Demonstration.  If  germinating  seeds  are  inclosed  in  a  vessel 
containing  ordinary  air,  it  will  be  found  that  the  oxygen  is  ab¬ 
sorbed  and  replaced  by  carbon  dioxide.  The  same  phenomenon 
can  be  shown  by  using  green  plants  if  they  are  kept  in  the  dark. 

A  very  simple  method  of  demonstrating  the  exchange  of  gases 
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in  respiration  is  that  shown  in  Fig.  72.  A  few  germinating  seeds  , 
are  placed  in  the  bottom  of  a  test  tube  and  held  in  place  by  a  small 
amount  of  cotton.  The  test  tube  is  then  in¬ 
verted  over  a  solution  of  potassium  hydroxide. 
The  carbon  dioxide  that  is  given  off  by  the  seeds  • 
is  absorbed  by  the  solution,  so  that  as  oxygen  is 
taken  up  the  solution  rises  in  the  tube.  This 
experiment  can  be  checked  by  placing  germi¬ 
nating  seeds  in  another  tube  and  inverting  the 
tube  over  mercury,  which  does  not  absorb  car¬ 
bon  dioxide.  The  mercury  will  not  rise  in  the 
tube,  because  the  oxygen  that  is  taken  up  by 
the  seeds  is  replaced  by  carbon  dioxide,  and, 
as  the  latter  is  not  absorbed  by  the  mercury, 
the  volume  of  gas  is  not  de¬ 
creased.  A  green  leaf  can  be 
used  in  place  of  the  seeds  in 
Fig.  72.  Method  of  denaonstration  if  the  prep- 
aration  is  kept  in  the  dark. 

Heat  is  produced  by  respira¬ 
tion.  This  can  be  demonstrated  by  the  arrange¬ 
ment  shown  in  Fig.  73.  A  vacuum  flask  is 
partially  filled  with  germinating  seeds.  A  vial 
containing  potassium  hydroxide  is  also  placed 
in  the  flask  to  absorb  carbon  dioxide.  A  ther¬ 
mometer  is  then  inserted  through  the  mouth  so 
that  the  bulb  is  among  the  seeds.  The  mouth  is 
now  plugged  with  cotton,  which  allows  air  to 
enter  the  flask.  The  heat  produced  by  respira¬ 
tion  causes  the  mercury  to  rise  in  the  ther¬ 
mometer.  This  experiment  should  be  checked 
by  setting  up  a  preparation  similar  to  the  one  Fig.  73.  Apparatus 
just  described  except  that  the  germinating  seeds  for  demonstrating 
are  replaced  by  dead  ones.  In  the  latter  case  the  lA’f *'otion  of  heat 
thermometer  will  not  show  a  rise  m  temperature. 

Respiration  in  plants  and  animals.  Respiration  is  fundamen¬ 
tally  the  same  process  in  both  plants  and  animals,  and  consists 
essentially  in  the  liberation  of  energy  by  the  oxidation  of  com- 
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pounds  containing  carbon  and  hydrogen.  The  methods  by  which 
oxygen  enters  the  body  and  carbon  dioxide  leaves  it  are  very 
different  in  the  higher  groups  of  the  two  kingdoms ;  these  processes, 
however,  are  only  incidental  to  the  fundamental  one  of  oxidation. 
Also,  the  methods  by  which  the  materials  to  be  oxidized  are  ob¬ 
tained  are  very  different  in  green  plants  and  in  animals.  The 
plants  themselves  manufacture  these  materials,  while  animals 
must  obtain  them,  either  directly  or  indirectly,  from  plants.  These 
processes  are,  however,  not  a  part  of  respiration. 

Respiration  is  equally  essential  in  plants  and  animals,  as  it  is 
the  source  of  energy  for  vital  activities.  When  respiration  ceases, 
there  is  no  further  supply  of  energy  for  these  activities,  and  death 
ensues. 

Oxygen  supply.  Since  respiration  is  a  process  of  oxidation,  a 
plentiful  supply  of  oxygen  is  one  of  the  prerequisites  for  normal 
respiration.  If  the  supply  of  oxygen  is  inadequate,  respiration  will 
be  checked,  and  this  will  limit  the  rate  of  vital  activities,  such  as 
growth,  which  are  dependent  on  the  energy  liberated  by  respiration. 

Plants  will  live  for  a  time  in  an  atmosphere  that  does  not  con¬ 
tain  oxygen.  In  this  case  energy  is  obtained  by  a  process  known 
as  anaerobic  or  intramolecular  respiration.  In  anaerobic  respira¬ 
tion,  energy  is  liberated  by  the  incomplete  breaking  down  of 
carbohydrates.  Carbon  dioxide  and,  usually,  alcohol  are  pro¬ 
duced.  Anaerobic  respiration  is  less  efficient  than  normal  res¬ 
piration.  Much  more  material  is  broken  down,  and,  as  a  rule, 
much  less  carbon  dioxide  is  produced. 

Sufficient  oxygen  is  available  for  the  aerial  parts  of  plants, 
but  this  is  not  always  true  of  roots  and  seeds  in  the  ground.  The 
soil  should  be  porous  and  should  contain  air  in  the  spaces  between 
the  particles.  If  there  is  so  much  water  in  the  soil  that  it  interferes 
with  the  diffusion  of  sufficient  oxygen  to  the  roots,  the  growth  of 
the  latter  will  be  retarded.  For  this  reason  soil  should  be  well 
drained.  The  roots  of  plants  may  be  killed  if  the  ground  is  flooded 
for  a  considerable  length  of  time.  The  same  thing  may  result  if  the 
level  of  the  ground  around  a  tree  is  raised  until  the  roots  are  buried 
so  deeply  that  sufficient  oxygen  does  not  reach  them.  Seeds 
respire  actively  during  germination,  and  so  will  not  germinate 
without  a  sufficient  supply  of  oxygen. 
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Plants  that  are  partially  submerged  in  water  usually  contain 
special  aerating  devices  to  facilitate  the  diffusion  of  oxygen  from 
the  air  to  their  submerged  organs  (Figs.  235,  281,  282).  The  petiole 
of  a  water  lily  contains  conspicuous  air  spaces  (Fig.  V4),  through 
which  oxygen  diffuses  from  the  leaf  blade  toward  the  parts  of  the 
plant  in  the  soil. 

Temperature.  Under  ordinary  conditions  the  rate  of  respira¬ 
tion  increases  with  the  temperature.  The  rate  is  very  low  at 


Fic.  74.  Cross  section  of  a  petiole  of  a  water  lily  {Nymphaea  stellata) , 
showing  large  air  passages.  (  X  30) 

0°  C.  and  high  at  30®  C.  This  is  one  of  the  reasons  why  fruits  and 
vegetables  keep  better  in  cold  storage  than  at  high  temperatures. 
The  low  temperature  inhibits  both  the  respiration  of  fruits  in 
storage  and  the  respiration  and  growth  of  decay-producing 
organisms. 

Photosynthesis  and  Respiration.  These  two  processes  are  in 
many  respects  the  reverse  of  each  other.  In  photosynthesis, 
energy  is  used  to  build  up  sugar  from  carbon  dioxide  and  water. 
In  respiration,  sugar  is  broken  down  into  carbon  dioxide  and 
water  with  the  liberation  of  energy.  Some  of  the  contrasts  be¬ 
tween  the  two  processes  are  given  in  the  following  tabulation : 


Assimilation  and  Use  of  Materials 
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Photosynthesis 

Uses  carbon  dioxide 
Releases  oxygen 
Uses  and  stores  energy 
Builds  up  sugar 
Requires  light 
Requires  chlorophyll 
Increases  dry  weight 


Respiration 

Releases  carbon  dioxide 
Uses  oxygen 
Liberates  energy 
Breaks  down  sugar 
Does  not  require  light 
Does  not  require  chlorophyll 
Decreases  dry  weight 


Metabolism.  In  this  chapter  we  have  studied  the  metabolism 
of  the  plant  and  have  seen  that  it  consists  of  two  kinds  of  changes : 
the  building  up  of  complex  substances  from  simple  ones  and  the 
breaking  down  of  the  complex  ones  into  simpler  forms.  In  the 
building-up  processes  are  formed  all  the  various  materials  which 
go  to  make  up  the  complex  structure  of  the  plant,  and  also  those 
in  which  food  is  stored  for  future  use  as  building  material  or  for 
furnishing  energy.  In  the  breaking-down  processes  reserve  ma¬ 
terials  may  be  converted  into  simpler  ones  to  be  built  up  again 
into  integral  parts  of  the  plant,  or  they  may  be  broken  down  into 
carbon  dioxide  and  water  to  furnish  energy  for  the  varied  activities 
of  the  plant. 


CHAPTER  VI 

WATER  IN  RELATION  TO  LEAVES 
HYDRATION 

We  have  seen  that  a  large  part  of  the  stiffness  of  leaves  is  due 
to  water  contained  in  their  cells.  The  forces  that  hold  water 
within  the  cell  walls  are  not  in  the  walls  themselves  but  in  the  cell 
contents.  The  cell  walls  are  very  permeable  to  water,;  that  is, 
water  can  pass  through  them  very  readily.  If  there  were  no  forces 
in  the  cell  contents  to  hold  the  water,  the  water  would  leak  out 
through  the  walls.  The  term  hydration  may  be  used  to  denote  the 
absorption  and  holding  of  water,  without  regard  to  the  manner 
in  which  this  is  accomplished.  The  hydration  of  the  cell  contents 
is,  then,  the  absorption  and  holding  of  water  by  the  cell  contents. 
This  is  due  to  two  forces ;  the  hydration  of  colloids  in  the  cell  and 
osmotic  pressure. 

Hydration  of  colloids.  In  the  discussion  of  the  colloidal  nature 
of  protoplasm,  in  the  chapter  on  the  cell,  it  was  pointed  out  that 
many  colloids  are  capable  of  hydration  (that  is,  of  absorbing  and 
holding  water)  and  that  protoplasm  contains  hydrated  colloidal 
particles.  Protoplasm  is  capable  of  absorbing  and  retaining  large 
quantities  of  water.  When  protoplasm  absorbs  water,  it  tends  to 
swell  and  stretch  the  cell  wall  and  thus  give  rigidity  to  the  cell. 

Osmotic  pressure.  When  a  substance  is  in  solution,  the  dis¬ 
solved  substance  tends,  to  become  equally  distributed  or  diffused 
throughout  the  liquid  (solvent)  in  which  it  is  dissolved.  This 
can  be  illustrated  by  the  following  example :  If  a  small  quantity 
of  sugar  is  placed  at  the  bottom  of  a  vessel  containing  water,  the 
sugar  will  go  into  solution  and,  even  if  there  is  no  movement  of 
the  water,  will  become  diffused  throughout  the  water  so  that  all  of 
the  water  will  have  a  sweet  taste.  Diffusion  is  very  important  in 
plant  physiology,  for  by  this  means  substances  in  solution  in  one 
^art  of  a  plant  are  frequently  carried  to  other  parts, 
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The  force  exerted  by  diffusion  is  called  osmotic  'pressure.  This 
force  may  be  demonstrated  by  the  use  of  a  semipermeable  mem¬ 
brane.  A  semipermeable  membrane  is  a  membrane  through  which 
the  solvent  can  diffuse  readily,  but  through  which  at  least  some 
of  the  substances  which  may  be  in  solution  cannot  pass  readily, 
if  at  all.  Good  examples  of  semipermeable  membranes  are  ani¬ 
mal  bladders  and  the  thin  membrane  around  the  white  of  an  egg. 
When  two  solutions  of  unequal  concentration  are  separated  by  a 
semipermeable  membrane,  diffusion  still  tends  to  produce  an 
equal  distribution  of  the  dissolved  substance  throughout  the  sol¬ 
vent,  and  this  results  in  the  diffusion  of  the  solvent  from  the  less 
concentrated  to  the  more  concentrated  solution.  The  solvent 
from  the  less  concentrated  solution  accumulates  in  the  more  con¬ 
centrated  solution  and  dilutes  it,  and  the  tendency  is  for  this  proc¬ 
ess  to  continue  until  the  two  solutions  have  the  same  concentration. 

The  operation  of  a  semipermeable  membrane  can  be  illustrated 
in  the  following  manner :  When  a  dilute  solution  of  sugar  in  water 
is  separated  by  a  semipermeable  membrane  from  a  more  con¬ 
centrated  solution  of  sugar  in  water,  and  the  semipernieable  mem¬ 
brane  is  such  that  water  can  pass  through  it  readily  while  sugar 
cannot,  the  water  from  the  dilute  solution  will  diffuse  into  the 
concentrated  solution,  the  tendency  being  for  this  diffusion  to 
continue  until  the  solutions  on  both  sides  of  the  membrane  are  of 
equal  concentration.  The  operation  of  osmotic  pressure  through  a 
semipermeable  membrane  may  be  expressed  in  general  by  saying 
that  if  two  solutions  are  separated  by  a  semipermeable  membrane, 
the  solvent  from  the  less  concentrated  solution  will  tend  to  accumu¬ 
late  in  the  more  concentrated  one  until  the  two  solutions  have  the 
same  molecular  concentration.  Diffusion  through  a  semipermeable 
membrane  is  called  osmosis. 

The  above  experiment  can  be  performed  very  easily  with  a 
thistle  tube  and  a  piece  of  parchment  paper,  which  is  a  semiper¬ 
meable  membrane  (Fig.  75).  The  paper  is  tied  tightly  over  the 
large  mouth  of  the  bulb,  the  tube  is  inverted,  and  the  bulb  is  filled 
with  a  sugar  solution.  The  tube  is  now  set  in  a  dish  of  water  with 
the  tube  end  uppermost  and  the  bulb  about  three-fourths  immersed 
in  the  water..  The  sugar  solution  will  absorb  water  and  gradually 
rise  in  the  tube. 
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Osmosis  in  plant  cells.  The  outer  layer  of  the  protoplasm  of 
a  plant  cell  is  somewhat  modified  and  is  known  as  the  'plasma 
'membrane.  This  acts  as  a  semipermeable  membrane  around  the 
cell,  while  the  protoplasm  as  a  whole  is  a  semipermeable  membrane 
around  the  vacuole.  These  membranes  are  of  such  a  nature  that 
water  passes  through  them  readily,  while  some  of  the  substances 
which  are  in  solution  pass  less  readily  and  some 
not  at  all.  The  solution  in  living  cells  is  highly 
concentrated  and  is  connected  by  means  of  the 
conducting  tubes  in  the  xylem  with  the  roots, 
and  through  these  with  the  water  in  the  soil ; 
this  water  is  a  dilute  solution  of  mineral  salts. 
By  the  forces  of  osmosis  and  hydration  of  col¬ 
loids  this  water  is  drawn  into  the  plant  cells 
until  the  cell  walls  become  stretched  by  the 
water.  Cells  that  are  thus  stretched  are  said  to 
be  turgid,  and  the  force  of  the  stretching  is  called 
turgidity.  This  turgidity  gives  considerable 
strength  to  the  cells,  as  was  explained  on  page 
37,  just  as  a  soft  hose  becomes  hard  when  filled 
with  water,  or  a  bicycle  tire  extremely  rigid 
when  filled  with  air  under  pressure.' 

If  a  cell  is  placed  in  a  concentrated  solution 
of  sugar  or  of  a  mineral  salt,  this  solution  will 
pass  through  the  cell  wall  and  will  draw  water 
Fig.  75.  Apparatus  the  protoplasm.  The  removal  of  the  water 

osmosis  decreases  the  size  of  the  cell  contents  so  that  the 
protoplasm  is  drawn  away  from  the  cell  wall,  as 
shown  in  Fig.  76.  A  cell  in  this  condition  is  said  to  be  plasmolyzed. 
If  the  plasmolysis  has  not  gone  too  far,  the  removal  of  the  con¬ 
centrated  solution  and  its  replacement  by  a  weak  solution  will  . 
allow  the  cell  contents  to  absorb,  water  and  resume  their  origi¬ 
nal  distribution.  When  fresh-water  plants  or  the  roots  of  land 
plants  are  placed  in  salt  water,  they  are  killed  by  plasmolysis. 

Water  may  pass  from  cell  to  cell  by  means  of  osmotic  pressure 
or  the  hydration  of  colloids.  When  a  cell  which  is  exposed  to  the 
air  is  losing  water,  the  concentration  of  the  dissolved  substances 
in  it  is  increased,  so  that  it  tends  to  draw  water  from  a  neighboring 
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cell.  This  cell  in  turn  may  draw  water  from  another  cell.  In  this 
way  water  may  be  drawn  from  cell  to  cell  until  the  source  of  supply 
is  reached. 

A  semipermeable  membrane  may  be  of  such  a  nature  that  some 
dissolved  substances  will  pass  through  it  readily,  while  others 
will  do  so  slowly  or  not  at  all.  Some  dissolved  substances  pass 
more  readily  than  others  through  the  semipermeable  membranes 
of  plant  cells. 

Imbibition.  The  cell  wall  is  composed  of  colloidal  substances 
and,  like  colloids  in  general,  has  the  property  of  absorbing  water 
and  swelling.  This  process  is  known  as 
imbibition.  Cell  walls  absorb  water  with 
tremendous  force,  as  can  be  seen  when  dry 
wood  absorbs  water  and  swells.  When  a 
substance  which  is  soluble  in  water,  such 
as  sugar,  is  placed  in  water,  the  attraction 
between  the  molecules  of  sugar  and  water 
is  greater  than  the  cohesive  force  of  the 
sugar.  The  result  is  that  the  molecules  of 
sugar  are  separated  and  go  into  solution. 

In  the  case  of  cell  walls  there  is  a  strong 
attraction  between  the  particles  composing 
the  walls  and  water,  but  this  is  not  strong 
enough  to  overcome  the  force  with  which 
the  particles  of  the  cell  wall  adhere  to  each 
other.  The  water  then  goes  between  the  particles  and  is  imbibed. 
There  is  no  sharp  dividing  line  between  imbibition  and  solution,  as 
substances  may  at  first  swell  owing  to  the  imbibition  of  water  and 
the  swelling  may  continue  to  such  an  extent  that  solution  results. 


Fig.  76.  A  plasmolyzed 
cell  from  a  hair  of  a 
squash  shoot.  (  X  160) 


TRANSPIRATION 

Definition.  Transpiration  is  the  evaporation  of  water  from 
plants,  the  water  passing  in  the  form  of  water  vapor  into  the  sur¬ 
rounding  atmosphere. 

Process.  We  have  seen  that  water  permeates  the  walls  of  the 
chlorenchyma  cells,  so  that  the  surfaces  of  the  walls  surround¬ 
ing  the  intercellular  spaces  are  wet,  and  that  this  condition  is 
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necessary  for  the  entrance  of  carbon  dioxide  into  the  cells.  Since 
the  wet  surfaces  of  the  cells  are  in  contact  with  the  air  in  the  in¬ 
tercellular  spaces,  some  of  the  water  in  the  walls  vaporizes  and 
diffuses  into  this  air,  just  as  the  water  from  wet  clothes  goes  into 
the  surrounding  atmosphere  while  the  clothes  are  drying.  The 
accumulation  of  water  vapor  in  the  air  in  the  intercellular  spaces 
makes  the  water  content  of  this  air  greater  than  that  of  the  atmos¬ 
phere  surrounding  the  leaf,  so  that  water 
vapor  diffuses  out  through  the  stomata 
into  the  external  atmosphere.  The  diffu¬ 
sion  of  water  vapor  from  the  intercellu¬ 
lar  spaces  into  the  atmosphere  tends  to 
reduce  the  water  content  of  the  air  in 
the  intercellular  spaces,  and  thus  causes 
additional  water  to  leave  the  cell  walls 
and  enter  the  intercellular  spaces.  The 
passage  of  water  from  the  cell  walls  into 
the  intercellular  spaces,  and  then  out 
through  the  stomata  into  the  external 
atmosphere,  is  thus  continuous  as  long 
as  the  cell  walls  are  wet  and  the  sto¬ 
mata  are  open.  Since  those  conditions 
are  necessary  for  the  absorption  of  carbon 
dioxide  for  photosymthesis,  transpiration 
is  a  constant  concomitant  of  photosyn- 
Fic.  77.  Apparatus  for  dem-  thesis.  In  other  words,  the  conditions 
onstrating  the  loss  of  water  ^  necessaty  for  photosynthesis 

make  transpiration  unavoidable,  iran- 
spiration  is,  strictly  speaking,  not  a  process  of  the  plant  itself  but 
the  result  of  the  action  of  external  conditions  on  the  plant. 

Some  water  is  lost  from  the  epidermal  cells.  This  is  known  as 
cuticular  transpiration.  The  amount  of  water  given  off  in  this 
manner  is,  however,  small  as  compared  with  that  which  diffuses 
out  of  the  stomata. 

Demonstration.  That  water  is  lost  by  transpiration  can  be  dem¬ 
onstrated  by  the  arrangement  shown  in  Fig.  77 .  A  branch  is  at¬ 
tached,  by  means  of  a  rubber  tube,  to  a  burette  containing  water. 
The  branch  is  then  placed  inside  a  bell  jar,  when  some  of  the  water 
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that  is  transpired  will  condense  on  the  sides  of  the  jar.  A  potted 
plant  may  be  used  in  place  of  the  branch.  This  experiment  can 
be  checked  by  setting  up  a  similar  preparation  with  a  dead,  dry 
branch  substituted  for  the  living  one.  In  this  case  no  water  wiU 
collect  on  the  sides  of  the  bell  jar. 

The  amount  of  transpiration  can  be  roughly  determined  in  the 
manner  shown  in  Fig.  78.  A  branch  is  attached,  by  means  of  a. 
rubber  tube,  to  a  burette  containing  water. 

As  transpiration  continues,  water  is  ab¬ 
sorbed  from  the  burette,  the  amount  being 
shown  by  the  change  in  the  height  of  the 
water  in  the  burette.  This  method  is  in¬ 
accurate,  as  it  measures  the  amount  of 
water  absorbed  rather  than  that  given  off, 
and,  moreover,  the  transpiration  of  a 
severed  branch  is  frequently  very  differ¬ 
ent  from  that  of  a  branch  on  the  plant. 

A  more  accurate  method  of  measuring 
transpiration  is  by  weighing.  A  potted 
plant  can  be  used  for  this  purpose.  The 
pot  and  soil  should  be  sealed  in  a  water¬ 
proof  covering  so  that  water  can  evapo¬ 
rate  only  from  the  plant  itself.  The  rate  of 
transpiration  can  then  be  determined 
by  weighing  the  preparation  at  definite 
intervals  of  time. 

Harmful  effects  of  transpiration.  The 
most  conspicuous  effect  of  transpiration  is  the  damage  that  results 
from  excessive  loss  of  water.  If  water  is  lost  in  transpiration  faster 
than  it  is  supplied  from  the  roots,  the  leaves  wilt ;  and  if  the  excess 
of  loss  over  supply  continues,  the  plant  will  finally  die.  Even  with¬ 
out  actual  wilting,  the  growth  of  plants  may  be  greatly  retarded 
by  high  rates  of  transpiration  accompanied  by  a  low  moisture 
content  of  the  soil.  This  condition  is  very  evident  in  many  crops 
during  long  dry  seasons.  Delicate  plants,  such  as  many  ferns, 
cannot  grow  in  dry  places,  because  they  lose  more  water  by  tran¬ 
spiration  than  they  can  absorb  from  the  soil.  The  bareness  of 
desert  regions  is  due  to  excessive  evaporation  and  the  scarcity  of 


Fig.  78.  Apparatus  for 
measuring  the  amoimt  of 
water  absorbed  by  a  tran¬ 
spiring  branch 
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water  in  the  soil.  If  it  were  not  for  the  high  rate  of  evaporation, 
however,  there  would  be  enough  water  in  the  soil  in  many  desert 
regions  to  support  a  fair  growth  of  vegetation  at  all  times. 

Excessive  loss  of  water  is  one  of  the  greatest  dangers  to  which 
many  plants  are  exposed,  and  is  one  of  the  most  frequent  causes 
of  the  death  of  plants.  The  harmful  effects  of  excessive  transpi¬ 
ration  account  for  the  fact  that  the  leaf  is  protected  by  a  heavily 
cutinized  epidermis  and  by  stomata  which  close  as  the  result  of 
the  loss  of  water. 

Transpiration  and  temperature.  The  evaporation  of  water  has 
the  effect  of  cooling  the  object  from  which  it  evaporates,  and  so 
the  transpiration  of  water  from  plants  tends  to  reduce  their  tem¬ 
perature.  "This  fact  explains  why  living  leaves  remain  relatively 
cool  when  exposed  to  intense  sunlight,^  while  dry  objects,  such 
as  paper,  become  hot.  If  it  were  not  for  this  cooling  effect  of 
evaporation,  leaves  would  be  overheated  on  hot,  sunny  days. 
Animals,  like  plants,  may  be  benefited  by  the  cooling  effect  of 
evaporation.  The  reason  why  we  feel  cool  when  in  front  of  an 
electric  fan  is  that  the  wind  increases  the  rate  of  evaporation  of 
water  from  our  bodies. 

One  danger  of  high  leaf-temperature  is  illustrated  by  the  injury 
known  as  scalding.  On  hot  days  this  injury  sometimes  results 
from  the  heating  effect  of  intense  sunlight  following  a  shower  which 
has  left  a  high  percentage  of  moisture  in  the  air.  The  humidity 
lowers  the  rate  of  transpiration,  with  the  result  that  the  leaf  be¬ 
comes  overheated.  The  injurious  effects  of  high  temperatures  are, 
however,  not  confined  to  such  conspicuous  injuries  as  the  one  just 
mentioned.  Many  physiological  processes,  including  growth,  are 
affected  by  excessive  heat. 

Transpiration  and  mineral  matter.  When  the  chlorenchyma 
cells  of  the  leaf  lose  water  through  transpiration,  the  osmotic  pres¬ 
sure  in  them  is  increased.  This  increase  in  osmotic  pressure  results 
in  the  diffusion  of  water  from  the  xylem  of  the  veins  to  the  chloren¬ 
chyma,  to  replace  the  water  lost  by  transpiration.  The  xylem  is 
continuous  from  the  leaf  through  the  stem  to  those  parts  of  the 
roots  where  water  is  absorbed.  In  the  xylem  water  moves  not  by 
diffusion,  but  as  a  steady  stream  through  long  tubes  composed  of 
dead  cells.  This  stream  of  water  carries  the  dissolved  mineral 
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matter  along  with  it  to  the  veins  of  the  leaf,  where  both  the  water 
and  the  mineral  matter  can  diffuse  into  the  cells  of  the  chloren- 
chyma.  The  movement  of  salts  from  the  veins  into  the  chloren- 
chyma,  being  by  diffusion,  is  independent  of  the  passage  of  the 
water  but  dependent  on  the  relative  concentration  of  the  particular 
kind  of  matter  in  the  chlorenchyma  cells  and  in  the  veins.  The 
reason  why  the  kinds  of  mineral  matter  that  are  used  in  the  leaves 
continue  to  diffuse  into  the  chlorenchyma  is  that  in  their  assimila¬ 
tion  they  are  combined  with  other  compounds  and  are  thus  changed 
to  different  substances.  When  a  given  substance  combines  with 
another  to  form  a  new  compound,  the  concentration  of  the  original 
substance  is  decreased.  Owing  to  this  fact  a  substance  which  is 
in  solution  in  the  xylem  of  the  veins  will  continue  to  diffuse  into 
the  chlorenchyma  as  long  as  it  is  used  by  being  combined  with 
some  other  compound.  The  importance  of  transpiration  in  the 
passage  of  mineral  matter  into  the  leaves  is  that  transpiration 
causes  a  stream  of  water  to  pass  through  the  xylem  and  that  this 
water  carries  dissolved  material  into  the  veins,  where  it  can  diffuse 
into  the  chlorenchyma. 

The  rate  of  the  movement  of  mineral  matter  into  the  leaves  is 
not  necessarily  proportional  to  the  rate  of  transpiration,  as  the 
movement  of  dissolved  material  from  the  xylem  into  the  chloren¬ 
chyma  is  by  diffusion  and  depends  on  the  relative  concentration 
of  the  particular  dissolved  material  in  the  two  tissues,  while  the 
entrance  of  dissolved  substances  into  the  root  is  also  by  diffusion 
and  depends  on  the  relative  concentration  in  the  soil  and  root. 
Actual  experiments  indicate  that  under  ordinary  conditions  there  is 
little  relation  between  rates  of  transpiration  and  the  amount  of  min¬ 
eral  matter  in  plants.  It  would  appear  that  plants  are  frequently 
subjected  to  higher  rates  of  transpiration  than  are  necessary  for 
the  movement  of  sufficient,  dissolved  material  through  the  xylem. 

While  some  transpiration  would  appear  to  be  beneficial,  par¬ 
ticularly  to  tall  plants,  because  it  accelerates  the  movement  of 
dissolved  material  from  the  roots  to  the  leaves,  there  are  at  least 
many  small  plants  for  whose  development  it  would  seem  to  be 
unnecessary,  as  is  shown  by  the  fact  that  they  will  grow  in  an 
atmosphere  kept  as  nearly  saturated  with  water  as  is  possible  even 
under  experimental  conditions.  In  the  absence  of  transpiration 
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the  movement  of  dissolved  materials  can  take  place  through  the 
plant  slowly  by  means  of  diffusion. 

Factors  influencing  transpiration.  The  rate  of  transpiration 
varies  greatly  with  changes  in  the  environment.  The  factors  that 
affect  transpiration  are  the  same  as  those  that  influence  the  rate 
of  evaporation  in  general. 

The  effects  of  light,  heat,  wind,  and  humidity  on  ordinary 
evaporation  are  matters  of  common  knowledge.  We  know  that 
if  we  put  a  wet  handkerchief  in  a  warm  place  it  will  dry  much 
more  rapidly  than  it  would  in  a  cold  place.  The  drying  of  the 
handkerchief  is,  of  course,  simply  the  evaporation  of  water  from 
the  handkerchief.  We  know  also  that  wet  clothes  will  dry  more 
rapidly  in  sunlight  than  in  a  dark  or  shaded  place,  and,  other 
conditions  being  equal,  more  rapidly  on  a  windy  day  than  on  a 
still  day.  Likewise  they  will  dry  more  rapidly  on  a  dry  day  than 
on  a  very  moist  one. 

Transpiration  varies  with  the  temperature,  because  water 
vaporizes  more  rapidly  at  high  temperatures  than  at  low  temper¬ 
atures,  and  because  warm  air  absorbs  more  moisture  than  cool 
air  does.  Light  increases  transpiration,  owing  to  the  heat  pro¬ 
duced  by  the  light.  Wind  increases  transpiration  in  two  ways: 
diffusion  of  water  vapor  from  the  stomata  tends  to  saturate  the 
atmosphere  around  the  leaves,  but  wind  removes  this  moist  air  and 
replaces  it  by  drier  air ;  wind  also,  by  causing  the  leaves  to  shake 
and  bend,  increases  the  movement  of  gases  in  the  intercellular 
spaces.  Again,  the  rate  of  transpiration  is  greatly  influenced  by 
the  humidity  of  the  air,  that  is,  the  amount  of  water  vapor  in  the 
air.  Dry  air  not  only  absorbs  more  moisture  than  wet  air  does 
but  absorbs  it  more  rapidly.  Therefore  the  rate  of  transpiration 
decreases  with  rising  humidity. 

Control  of  transpiration.  The  rate  of  transpiration  is  greatly 
influenced  not  only  by  external  conditions  but  also  by  the  plants 
themselves.  This  is  brought  about  in  two  general  ways :  by  per¬ 
manent  morphological  changes  which  restrict  or  accelerate  the  rate 
of  transpiration,  and  by  physiological  changes  which  control  the 
rate  temporarily. 

Restriction  of  transpiration.  Among  the  structural  modifica¬ 
tions  which  may  influence  the  rate  of  transpiration  are  the  number 


Water  in  Relation  to  Leaves 


91 


and  size  of  the  leaves,  the  thickness  of  the  leaves,  the  compactness 
of  the  chlorenchyma,  the  number  and  arrangement  of  the  stomata, 
the  thickness  and  cutinization  of  the  epidermal  walls,  and  the 
development  of  trichomes  (outgrowths  from  the  epidermal  cells). 

Number  and  size  of  leaves.  Other  things  being  equal,  the 
amount  of  water  transpired  by  a  plant  will  tend  to  vary  with  the 
number  and  size  of  its  leaves,  as  the  more  surface  the  plant  has  for 
transpiration  the  more  water  it  can  transpire.  It  is  not  surprising, 
therefore,  to  find  that  most  plants  growing  in  moist  regions  have 
a  large  number  of  fair-sized  leaves.  When  the  leaves  are  few  in 
number  they  are  usually  large.  On  the  other  hand,  plants  growing 
in  an  arid  region  will  usually  have  few  and  small  leaves,  so  that  the 
rate  of  transpiration  is  restricted  by  a  reduction  in  the  transpiring 
surface. 

Gardeners,  when  transplanting  large  plants,  very  commonly 
reduce  the  number  of  leaves,  to  restrict  transpiration.  In  remov¬ 
ing  a  plant  from  the  soil  the  parts  of  the  roots  which  absorb  water 
are  destroyed  to  a  very  considerable  extent.  The  plant  can  there¬ 
fore  absorb  less  water  and  so  has  less  water  for  transpiration.  In 
order  to  balance  this  effect  it  is  a  usual  practice  to  remove  a  con¬ 
siderable  portion  of  its  leaves. 

Thickness  of  leaves.  If  the  leaves  of  a  plant  are  thick,  they  will 
have  a  smaller  outside  area  per  unit  of  volume  than  they  would 
have  if  they  were  thin.  Therefore  thin  leaves  will  transpire  more 
per  unit  of  volume  than  will  thick  leaves.  In  keeping  with  this 
fact  we  find  that  plants  growing  in  very  moist  places  usually  have 
thin  leaves,  while  those  which  are  exposed  to  dry  conditions  have 
thicker  leaves. 

Compactness  of  chlorenchyma.  If  the  cells  of  chlorenchyma  are 
arranged  close  together,  there  will  be  a  less  free  circulation  of  gases 
inside  the  leaf  than  there  would  be  if  the  cells  were  loosely  ar¬ 
ranged,  with  large  intercellular  spaces;  consequently,  the  more 
the  spongy  chlorenchyma  is  replaced  by  palisade  the  more  the 
rate  of  transpiration  wall  be  restricted.  The  relative  development 
of  the  palisade  and  the  spongy  chlorenchyma  cells  varies  greatly 
under  different  environmental  conditions.  In  very  moist  places, 
as  in  damp,  shaded  ravines,  the  spongy  chlorenchyma  usually 
occupies  a  larger  portion  of  the  leaf  than  does  the  palisade,  and  not 
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infrequently  the  palisade  disappears  entirely  (Fig.  897).  In  dry 
regions  the  re^^erse  is  the  case.  Here  the  spongy  chlorenchyma  is 

usually  less  conspicu¬ 
ous  than  the  palisade. 
The  leaves  may  have 
a  thin  layer  of  spongy 
chlorenchyma  near  the 
lower  epidermis ;  or  the 
layer  of  spongy  chlo¬ 
renchyma  may  be  be¬ 
tween  two  layers  of 
palisade  (Fig:  79),  one 
below  the  upper  epi¬ 
dermis  and  the  other 
just  above  the  lower 
epidermis ;  or,  again, 
the  spongy  chloren¬ 
chyma  may  be  entirely 
replaced  by ,  palisade 
chlorenchyma.  Note 
the  difference  in  the  de¬ 
velopment  of  the  pali¬ 
sade  and  the  spongy 
chlorenchyma  as  shown 
in  Fig.  48  and  also  in 
Figs.  26  and  28.  The 
relative  development  of 
the  palisade  and  the 
spongy  chlorenchyma 
may  be  suited  not  only 
to  various  rates  of 
evaporation  but  also 
to  various  intensities  of 
light.  In  damp  ravines 
the  light  is  usually  of 
low  intensity,  and  in 
such  situations  not  much  light  would  be  likely  to  pass  through 
thick  layers  of  tissue.  On  the  other  hand,  in  dry  regions  the 


Pic.  79.  Cross  sectioB  of  a  leaf  of  oleander 
(.Nerium)  with  upper  and  lower  palisade,  three¬ 
layered  upper  epidermis,  and  stomata  in  a  pit 
protected  by  trichomes.  (X  285) 
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atmosphere  is  likely  to  be  clear  andjthe  intensity  of  light  to  be  very 
great  j  under  such  conditions  light  sufficient  for  photosynthesis 
would  penetrate  through  a  much  thicker  layer  of  tissue  than 
would  be  the  case  with  plants  exposed  to  lower  intensities  of  light. 

Number  and  arrangement  of  stomata.  The  rate  of  transpira¬ 
tion  will  naturally  vary  with  the  number  of  stomata.  Plants  grow¬ 
ing  in  moist  situations  are  likely  to  have  more  stomata  per  unit 
of  area  than  those  in  dry  regions.  Some  plants  which  are  natives 
of  arid  localities  have  stomata 
that  are  sunk  in  pits  (Figs. 

79,  80),  while  some  which  are 
found  in  moist  regions  have 
their  stomata  raised  above 
the  general  level  of  the  epi¬ 
dermis.  More  water  will  nat¬ 
urally  be  transpired  through 
exposed  than  through  protected 
stomata. 

Thickness  and  cutinization 
of  epidermal  walls.  The  chief 
function  of  the  epidermis  is  to 
restrict  the  amount  of  transpi¬ 
ration  by  means  of  its  thick 
and  cutinized  outer  walls. 

The  amount  of  transpiration 
will,  of  course,  decrease  as  the 
thickness  and  the  cutinization  of  the  wall  increase.  Plants  grow¬ 
ing  in  dry  situations  have  thicker  epidermal  walls  than  those  in 
moist  regions.  Even  on  the  same  plant,  leaves  exposed  to  the  sun 
have  thicker  epidermal  walls  than  those  in  the  shade  (Fig;  48). 
Xerophytic  plants  may  have  not  only  thick  epidermal  walls  but  also 
an  epidermis  composed  of  more  than  one  layer  of  cells  (Fig.  79) . 

Development  of  trichomes.  Many  leaves  have  hairs  on  their 
surfaces.  These  hairs  are  outgrowths  from  the  epidermal  cells 
and  are  frequently  dead.  If.  such  dead  hairs  are  numerous  and 
close  together,  they  will  have  a  tendency  to  decrease  the  rate  of 
transpiration,  as  they  tend  to  minimize  the  movement  of  air  near 
the  stomata. 


Fig,  80.  Cross  section  of  a  portion  of  a 
leaf  of  a  century  plant  (Agave  cantula) , 
showing  a  sunken  stoma.  (  X  170) 
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Hereditary  and  acquired  modifications  of  structure.  The 
changes  in  structure  which  restrict  or  accelerate  the  rate  of  tran¬ 
spiration  are  of  two  general  classes  .  those  changes  which  are  char" 
acteristic  of  a  species  and  are  hereditary,  and  those  which  are 
acquired  by  individual  plants  or  leaves  in  response  to  the  condition 
under  which  they  are  grown. 

Acquired  modifiications.  Even  on  the  same  plant  some  leaves 
may  be  more  exposed  than  others  to  the  effects  of  evaporation,  as 

they  are  not  all  equally 
exposed  to  the  action  of 
sun  and  wind.  We  usually 
find  that  on  the  same  plant 
the  leaves  that  grow  in  the 
sun  are  thicker  and  have 
their  chlorenchyma  more 
compact  and  their  epider¬ 
mal  walls  thicker  than  the 
leaves  that  grow  in  the 
shade  (Fig.  48).  These 
differences  are  due  to  the 
response  of  the  individual 
leaves  to  their  environ¬ 
ment.  A  practical  appli¬ 
cation  is  made  of  this  fact 


Fig.  81.  Branches  of  Casuarina  with  scalelike  in  growing  tobaccO  under 
leaves,  (x^)  shade  in  order  to  obtain 

The  small  figure  on  the  right  shows  a  piece  large,  thin,  and  pliable 

of  a  branch  with  whorls  of  scalehke  leaves  ,  ,  .  j  • 

at  the  nodes.  See  Fig.  124  leaves  to  De  useu  as  cigar 

wrappers.  While  leaves 
respond,  to  a  certain  degree,  in  the  ways  mentioned  above,  the 
possible  extent  of  such  response  is  limited. 

Hereditary  modifications.  Besides  the  response  of  individual 
leaves  and  plants  to  different  environments  there  are  hereditary 
modifications  of  leaf  structure  which  may  be  more  pronounced 
and  which  fit  plants  for  different  environmental  conditions.  On 
many  desert  plants  the  leaves  are  reduced  to  rudimentary  struc¬ 
tures  or  are  modified  into  spines  (Figs.  81,  82,  277),  No  matter 
under  what  conditions  these  plants  may  be  grown,  they  will  not 
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develop  large  leaves.  Likewise, 
delicate  ferns  will  not  develop 
leaves  which  can  resist  the  high 
rates  of  evaporation  that  occur 
in  desert  regions.  Plants  which 
are  natives  of  the  desert  and  have 
very  small  leaves  may,  if  grown 
in  moist  regions,  develop  some¬ 
what  larger  leaves,  but  they  will 
never  develop  leaves  of  any  great 
size.  While  environment  may  have 
a  marked  influence  on  leaves,  he¬ 
redity  is  in  general  more  important 
Fig.  82.  A  branch  of  an  Australian  ^];ian  environment  in  determining 
desert  plant,  Hakea,  with  the  leaves  , ,  .  . 

modified  as  spines.  (  X  tneir  S 

Fig.  83,  which  represents  a  cross 
section  of  a  leaf,  shows  an  interesting  hereditary  modification  suited 
to  a  particular  kind  of  environment.  The  thick,  water-storing 
epidermis  helps  the  plant  to  endure 
short  periods  of  comparative  dry¬ 
ness,  while  the  single  layer  of  chloro- 
plasts  indicates  a  shady  habitat. 

Effect  of  evaporation  on  distribu¬ 
tion  of  plants.  In  nature  we  find 
that  plants  of  desert,  fairly  moist, 
and  very  moist  regions  are  all  spe¬ 
cially  fitted  for  the  conditions  un¬ 
der  which  they  grow,  and  that  the 
structural  modifications  which  fit 
them  for  their  native  localities  are 
fixed  by  heredity  to  such  an  extent 
that  usually  they  will  not  thrive  un¬ 
der  conditions  that  are  very  different  Fig.  83.  Cross  section  of  a  leaf 
from  those  of  their  natural  habitat,  of  Peperomia  pelludda,  a  trop- 
The  rate  of  evaporation  is  one  of  ^one*^^allT  ”” 

the  most  important  environmental 

factor  for  which  plants  are  fitted,  cl 

and  the  rate  of  evaporation  deter-  with  chloroplasts 
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mines,  to  a  considerable  extent,  the  kinds  of  plants  which  grow 
naturally  or  can  be  cultivated  profitably  on  any  given  area.  If 
the  soil  is  sufficiently  irrigated,  many  crop  and  garden  plants  which 
are  suited  to  fairly  moist  conditions  can  be  grown  successfully  in 
regions  that  are  naturally  dry ;  but  there  are  many  plants  which 
cannot  withstand  the  very  high  rates  of  evaporation  prevailing  in 
arid  regions,  no  matter  how  much  water  is  m  the  soil.  Many  des¬ 
ert  plants  can  stand  much  more  moist  conditions  than  those  under 
which  they  normally  occur,  and  can  be  successfully  cultivated 


Fig.  84.  Desert  region  in  Arizona  with  Yucca  alata  to  the  left  and  Prosopis 
velutina  to  the  right 


in  moist  regions ;  but  when  left  to  themselves  they  are  not  able 
to  compete  with  the  vigorous  plants  of  moist  areas. 

High  rates  of  evaporation,  accompanied  by  a  small  percent¬ 
age  of  water  in  the  soil,  result  in  an  open  growth  of  small  plants 
(Figs.  84,  276-278) ;  low  rates  of  evaporation  and  abundant 
moisture  in  the  soil,  other  conditions  being  favorable,  bring  about 
a  dense  forest  of  tall  trees  (Figs.  6,  250). 

Regulation  of  transpiration.  The  rate  of  transpiration  is  regu¬ 
lated  more  or  less  temporarily  in  a  number  of  different  ways.  The 
most  important  of  these  are  by  deciduous  leaves,  by  the  drying 
of  the  walls  of  the  chlorenchyma,  and  by  the  opening  and  closing 
of  stomata.  There  are  also  some  other  means,  such  as  the  rolling 
and  folding  of  leaves,  which  reduce  the  transpiring  surface. 
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Deciduous  leaves.  Broad-leaved  trees  which  grow  in  regions 
that  have  either  a  very  cold  or  a  very  dry  season  usually  shed 
all  their  leaves  during  such  periods  of  cold  or  of  drought.  Of  course 
the  shedding  of  the  leaves  greatly  restricts  transpiration. 

When  the  weather  is  very  cold,  plant  roots  can  absorb  little 
water  from  the  soil,  while  if  the  leaves  were  exposed  to  the  air 
they  would  continue  to  transpire.  This  is  one  of  the  reasons  why 
broad-leaved  trees  in  the  colder  parts  of  the  temperate  zone  shed 
their  leaves  at  about  the  beginning  of  the  cold  season  (Fig.  258). 

A  very  similar  result  ensues  when  trees  are.  subjected  to  a  long, 
pronounced  dry  season.  At  such  times  both  the  soil  and  the  air 
will  usually  contain  compara¬ 
tively  little  moisture,  with  the 
result  that  if  trees  had  an  exten¬ 
sive  leaf  area,  their  roots  could 
not  absorb  enough  water  to  sup¬ 
ply  that  which  would  be  lost  by 
transpiration.  The  shedding  of 
leaves  by  plants  of  the  temper¬ 
ate  zone  during  the  autumn, 
and  by  tropical  plants  which 
grow  in  regions  with  a  pro¬ 
nounced  dry  season,  is  there¬ 
fore  the  result  of  very  similar 
circumstances.  In  tropical  regions  where  there  is  no  pronounced 
dry  season,  plants  retain  their  leaves  throughout  the  year. 

The  drying  of  chlorenchyma  walls.  On  hot,  dry,  sunny  days 
the  leaves  of  plants  may  lose  more  water  than  the  roots  can  absorb. 
The  result  of  this  is  that  the  cells,  and  also  the  cell  walls,  then  con¬ 
tain  less  water  than  when  transpiration  is  less  rapid.  Very  wet 
substances  naturally  lose  more  water  than  drier  ones;  and  so,  as 
the  cell  walls  become  drier,  less  water  diffuses  from  them  into  the 
intercellular  spaces.  The  rate  of  transpiration  is  thus  automatically 
lowered. 

The  opening  and  closing  of  stomata.  A  stoma  is  an  opening 
between  two  sausage-shaped  cells  called  guard  cells.  Fig.  85  shows 
a  view  of  a  partly  open  stoma,  and  Fig.  86  a  cross  section  through 
a  closed  stoma  and  surrounding  cells.  The  guard  cells  are  con- 


Fig.  85.  Surface  view  of  a  stoma  of 
Wandering  Jew  {Zebrina  pendula) . 
(  X  145) 
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Fig.  86,  Cross  section  of  a  stoma  and  sur¬ 
rounding  cells  of  Wandering  Jew  {Zebrina 
pendula) .  (  X  130) 


stmcted  in  such  a  way  that  they  can  move  so  as  to  open  and  close 
the  stoma.  Stomata  are  usually,  closed  at  night  and  open  in  the 
day ;  but  when  the  rate  of  evaporation  is  rapid,  they  also  close 

during  the  day.  When  the 
guard  cells  arc  turgid  the 
stomata  are  open,  while  as 
the  guard  cells  lose  their 
turgidity  the  stomata  close. 

Mechanism,  of  opening 
and  closing  of  stomata.  To 
understand  how  changes  in 
the  turgidity  of  the  guard 
cells  cause  the  opening  and 
closing  of  the  stomata  it 
will  be  necessary  to  study 
the  structure  of  the  guard  cells.  There  are  a  number  of  types  of 
guard  cells,  but  for  simplicity  we  may  consider  only  what  is  proba¬ 
bly  the  most  widely  distributed  one.  A  transverse  section  through 
a  guard  cell  (Fig.  87)  shows  that  the  wall  which  is  farthest  from, 
the  stomatal  pore  (dorsal  wall)  is  very  thin,  while  that  which  is 
next  to  the  pore  (ventral  wall)  is  much  thicker.  When  the  guard 
cells  become  turgid  their  walls 
naturally  tend  to  stretch;  but 
the  ventral  walls,  owing  to  their 
great  thickness,  stretch  much 
less  than  do  the  dorsal  walls. 

The  result  is  that  the  cells  be¬ 
come  bent,  with  the  concave 
side  toward  the  pore.  This  is 
the  principal  cause  of  the  open¬ 
ing  of  stomata.  When  the  guard 
cells  lose  their  turgidity  they 
straighten  out  and  come  to¬ 
gether,  thus  closing  the  stomata.  This  type  of  bending  can  be 
illustrated  by  means  of  a  rubber  tube  or  an  elongated  toy  balloon, 
to  one  side  of  which  adhesive  tape  has  been  attached.  When  the 
tube  is  inflated  it  will  bend,  the  side  to  which  the  adhesive  tape 
has  been  applied  being  the  concave  side  (Fig.  88). 


Fig.  87.  Combined  cross  section  and 
surface  view  of  a  stoma 
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The  ventral  wall  is  not  uniformly  thickened.  In  tlie  center,  as 
seen  in  cross  section,  it  is  thin.  Away  from  the  center  it  is  greatly 
thickened,  and  along  the  edges  it  projects  into  the  stomatal  pore. 
The  central  part  of  the  wall  also  bulges  into  the  pore.  The  stomatal 
pore  is  thus  not  of  uniform  diameter,  but  consists  of  two  more  or 
less  enclosed  chambers  which  are  connected 
by  means  of  a  narrow  passage.  The  fact 
that  the  ventral  wall  is  composed  of  two 
thickened  ridges  connected  by  a  thin  strip 
has  distinct  advantages.  These  ridges  are 
so  thick  thah  they  offer  resistance  to  any 
tendency  to  stretch  them,  so  that  when  the 
cell  becomes  turgid  and  the  thin  dorsal  wall 
is  stretched,  the  thin  part  of  the  ventral 
wall  bends  and  there  is  a  tendency  for  it  to 
be  drawn  away  from  the  center  of  the  sto¬ 
matal  opening,  thus  enlarging  that  opening. 

This  type  of  movement  can  be  imitated 
roughly  by  means  of  two  boards  fastened 
together  at  one  end  by  a  piece  of  leather  to 
represent  the  thin  part  of  the  ventral  wall, 
and  at  the  other  end  by  a  rubber  band  to 
represent  the  dorsal  wall  (Fig.  89).  If  the 
rubber  band  is  stretched,  it  will  be  seen  that  fig.  88.  Apparatus  to 
the  other  ends  of  the  boards  are  drawn  to  imitate  the  opening  and 
it.  When  the  guard  cell  loses  its  turgidity, 

the  dorsal  wall  contracts  and  tethin  part  The ISi™ tape 
of  the  ventral  wall  bulges  out,  and  it  is  this  the  adjacent  sides  are 
part  which  closes  the  stomatal  passage.  It  inflated  by  means  of  the 
is  an  advantage  to  have  the  passage  closed  rubber  bulb 

by  the  thin  part  of  the  ventral  walls  (Fig.  87),  as  thin  walls  can 
be  pressed  much  closer  together  -than  could  thick,  rigid  ones. 

Factors  affecting  opening  and  closing  of  stomata.  The  guard 
cells  contain  well-developed  chloroplasts,  while  these  are  usually 
not  present  in  the  other  cells  of  the  epidermis,  except  in  some  plants 
that  grow  in  moist,  shady  situations.  During  the  day  the  contents 
of  the  guard  cells  have  a  high  osmotic  pressure.  Consequently 
when  the  surrounding  cells  are  well  supplied  with  water  the  guard 
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cells  draw  water  from  them  and  become  turgid,  and  the  stomata 
open.  If,  however,  the  plant  loses  more  water  from  its  leaves  than 
is  absorbed  by  its  roots,  the  water  content  of  the  cells  of  the  leaf, 
including  the  guard  cells,  is  lowered,  and  the  guard  cells  become 
less  and  less  turgid.  As  this  process  continues  the  stomata  close. 

The  rate  of  transpiration  is  regu¬ 
lated  to  a  considerable  extent  by 
the  opening  and  closing  of  sto¬ 
mata.  The  closing  of  stomata  does 
not,  however,  entirely  stop  tran¬ 
spiration,  as  a  small  amount  of 
transpiration  takes  place  through 
the  cuticle  of  the  epidermal  cells. 

Daily  march  of  transpiration. 
The  rate  of  transpiration  is  de¬ 
pendent  to  a  considerable  extent 
on  the  rate  of  evaporation.  There¬ 
fore  we  shall  consider  first  the  vari¬ 
ations  in  the  rate  of  evaporation 
Fig.  89.  Arrangement  to  imitate  at  different  times  during  the  day 
the  bending  of  the  ventral  walls  night.  During  the  night  the 

of  a  stoma  evaporation  is  usually  very 

low,  as  at  this  time  the  air  is  much  colder  than  during  the  day 
and  the  accelerating  influence  of  sunlight  is  absent.  The  air  is  also 
much  more  nearly  saturated  with  water  during  the  night  than  dur¬ 
ing  the  day ;  for  cold  air  can  hold  less  water  than  warm  air,  and 
thus,  although  there  may  be  the  same  amount  of  water  in  the  air 
during  the  day  and  during  the  night,  the  air  becomes  more  and 
more  saturated  as  it  cools  during  the  night.  We  see  the  result 
of  this  phenomenon  in  the  formation  of  dew  by  the  condensa¬ 
tion  of  water  from  the  air.  This  condensation  takes  place  at 
night  because  the  air  is  more  nearly  saturated  at  that  time  than 
during  the  day.  The  increase  in  the  saturation  during  the  night 
has  a  great  retarding  effect  on  the  rate  of  evaporation.  With  the 
coming  of  daylight  the  rate  of  evaporation  increases,  owing  to 
light,  greater  heat,  and  the  fact  that  the  air  becomes  less  satu¬ 
rated  with  water  as  it  gets  warmer.  This  increase  in  the  rate  of 
evaporation  usually  continues  on  bright  days  until  some  time  in 
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the  afternoon.  As  the  sun  goes  down  the  rate  decreases,  and  the 
decrease  continues  until  the  low  night  rate  is  reached. 

If  the  rate  of  evaporation  is  comparatively  low  during  the  day, 
the  rate  of  transpiration  may  follow  that  of  evaporation  rather 
closely.  But  when  the  rate  of  evaporation  during  the  day  increases 
to  a  point  where  transpiration  is  excessive,  the  rate  of  transpiration 
is  restricted  by  the  movements  of  the  guard  cells  and  the  drying 
of  chlorenchyma  walls.  Thus  it  frequently  happens  that  while  the 
rate  of  evaporation  continues  to  increase  until  some  time  in  the 
afternoon,  the  highest  rate  of  transpiration  is  reached  in  the  morn¬ 
ing.  At  night  the  rate  of  transpiration  is  low,  owing  to  the  very 

lo\V  rate  of  evaporation  and  to  the  closing  of  the  stomata. 

Water  content  of  the  leaf.  Many  leaves  contain  from  80  to 
90  per  cent  of  water.  When,  on  a  dry  day,  a  plant  loses  more 
water  than  it  absorbs,  the  water  content  of  the  leaves  naturally 
diminishes ;  thus  it  very  frequently  happens  that  leaves  contain 
less  water  during  the  middle  of  the  day  than  during  the  nig  t. 
In  many  plants  the  loss  of  water  goes  so  far  on  dry  days  as  to  cause 
an  actual  wilting  of  the  leaf.  Not  only  leaves  but  other  parts  of 
plants  frequently  contain  less  water  during  the  day  than  at  night. 
It  is  for  this  reason  that  vegetables  have  a  crisper  and  fresher 
appearance  when  picked  early  in  the  morning  than  when  gathered 
later  in  the  day. 

The  relation  of  moisture  to  number  and  size  of  leaves  has  been 
treated  in  a  previous  paragraph. 


CHAPTER  VII 

SPECIALIZED  LEAVES 

The  principal  function  of  ordinary  foliage  leaves  is  photosyn¬ 
thesis.  Besides  the  primary  function  of  foliage  leaves  they  also 
perform  such  functions  as  respiration  and  growth,  which  are  com¬ 
mon  to  all  living  parts  of  plants.  In  addition  we  find  that  many 
leaves  are  specially  modified  to  perform  functions  which  are  not 
usually  the  principal  ones  of  leaves,  or  are  modified  to  carry  on  the 
principal  function  in  an  unusual  manner.  Such  leaves  may  be 
called  specialized  leaves.  As  examples  of  leaves  which  perform  the 
primary  function  of  leaves  in  an  unusual  manner  we  may  mention 
such  leaves  as  those  of  oranges  and  grapefruits,  where  the  petiole 
has  a  bladelike  structure  and  is  especially  fitted  for  photosynthesis 
(Fig.  90),  and  the  stipules  of  the  garden  pea  (Pisum  sativum), 
which  are  bladelike  and  have  the  functions  of  a  blade  (Fig.  94). 
The  special  functions  for  which  some  leaves  are  particularly  suited 
may  be  grouped  under  six  headings:  support  (stem  function), 
absorption  (root  function),  attraction  of  insects  (floral  function), 
reproduction  (seed  function),  storage,  and  protection.  These  func¬ 
tions  may  be  subsidiary  to  the  ordinary  functions  of  leaves,  or  be 
more  important,  or  even  replace  the  usual  functions. 

Support  (stem  function).  The  primary  function  of  stems  is  to 
support  the  aerial  parts  of  the  plants.  This  function  is  performed 
by  four  special  types  of  leaves :  tendrils,  which  may  be  modified 
whole  leaves  or  parts  of  leaves;  leaves  with  hooks;  leaves  with 
floats ;  and  leaves  that  have  supporting  leaf  bases. 

Supporting  leaf  bases.  The  leaf  bases  of  the  banana  and  other 
similar  plants  are  greatly  elongated  and  grow  so  close  together 
as  to  produce  a  structure  which  has  an  appearance  very  much 
like  that' of  an  ordinary  trunk,  and  which  supports  the  leaf  blades 
and  the  fruit  in  much  the  same  way  as  does  a  trunk  (Fig.  91). 
The  main  stem  is  thick  and  short,  with  a  convex  top  to  which  the 
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leaf  bases  are  attached.  The  slender  fruiting  stalk  pushes  up  in 
the  center  of  the  elongated  leaf  bases  and  is  supported  by  them 

(Fig.  92). 

In  grasses  the  younger 
part  of  the  stem  has  a  soft 
growing  region  just  above 
the  attachment  of  each  leaf. 
This  growing  region  is  so 
soft  and  weak  that  it  could 
not,  by  itself,  support  the 
part  of  the  plant  above  it. 
The  leaf  base  has  the  form 
of  a  long,  slender  tube 
which  surrounds  and  sup¬ 
ports  the  stem  and  enables 
it  to  bear  its  load  (Fig.  93). 

Tendrils.  The  climbing 
plants  have  slender  stems 
which  do  not  possess  suffi- 


Fig.  92.  Cross  section  of  the  false  trunk  of 
the  banana  plant,  showing  small  flowering 
stalk  surrounded  by  leaf  bases.  (  X 


cient  strength  to  hold  themselves  erect.  Such  plants  catch  on  to 
other  objects,  particularly  other  plants,  and  thus  make  use  of  the 
strength  of  these  other 
objects  to  support  them. 

This  enables  them  to 
grow  up  into  the  sun¬ 
light  without  expending 
the  material  which  would 
be  necessary  to  build  a 
strong  trunk.  Tendrils 
are  one  of  the  means  by 
which  plants  hold  on  to 
other  objects.  Tendrils 
are  long,  slender  struc¬ 
tures  which  curl  around 
objects  with  which  they 
come  in  contact.  They 
are  frequently,  but  by 
po  means  always,  modi-  Fig.  93.  Tip  of  sialk  of  sugar  cane,  (x 


upper  left,  Pisum 
Smilax  le 
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Fig.  96.  Large  air  spaces  in  bulbous 
petiole  of  water  hyacinth  (Eichhornia 
crassipes).  (  X  30) 


fied  leaves.  Any  part  of  a  leaf  may  be  modified  in  this  manner. 
Tendrils  may  be  modified  whole  leaves,  petioles  (Fig.  94),  leaflets 

as  in  the  garden  pea  (Pisum 
sativum)  (Fig.  94),  tips  of 
leaves  (Fig.  94),  or  stipules 
(Fig.  94). 

Hooks.  Some  climbing 
plants  have  leaves  with  hooks 
which  enable  them  to  hold  on 
to  other  objects.  Excellent 
examples  are  afforded  by  the 
climbing  palms  known  as  rat¬ 
tans  (Fig.  251).  These  have 
large  feathery  leaves  with  nu¬ 
merous  curved  sharp-pointed 
hooks  (Fig.  95)  which  catch  on 
to  objects  with  which  they 
come  in  contact  and  thus  sup¬ 
port  the  stem  and  enable  the 
plant  to  climb.  Some  climbing  plants  have  stipular  hooks  which 
serve  the  same  purpose.  In  the  tomato  the  stiff  backward-slanting 
rachis  of  the  leaf  acts  as  a 
hook. 

Floats.  The  floating  plants 
develop  very  loose  tissue  with 
large  air  spaces  (Fig.  96). 

Such  tissue  enables  the  plant 
to  float  on  the  surface  of  the 
water.  The  bulbous  petiole 
of  the  water  hyacinth  is  oc¬ 
cupied  largely  by  air  spaces 
and  presents  a  striking  case 
of  the  development  of  float¬ 
ing  tissue  (Figs.  96, 97) .  Sim¬ 
ilar  tissue  is  found  in  the  blades 
of  floating  leaves  (Fig.  5). 

The  air  spaces  in  plants  serve  for  aeration,  that  is,  the  exchange 
of  gases  between  the  ceils  and  the  external  atmosphere.  Fre- 


Fig.  97.  Water  hyacinth  {Eichhornia 
crassipes)  with  petioles  modified  as 
floats.  (X|) 
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quently  the  large  air  spaces  in  aquatic  plants  are  primarily  useful 
for  this  function,  as  is  particularly  true  of  the  large  air  tubes  which 

traverse  the  petioles  of 
water  lilies  (Fig.  74)  and 
by  which  the  oxygen  set 
free  in  the  leaves  by  pho¬ 
tosynthesis  is  allowed  to 
diffuse  to  the  roots. 

Absorption  (root  func¬ 
tion).  One  of  the  chief 
functions  of  roots  is  to 
absorb  water  as  well  as 
compounds  of  nitrogen 
and  other  elements  which 
plants  usually  obtain  from 
the  soil.  Most  leaves  are 
incapable,  under  ordinary 
circumstances,  of  absorb¬ 
ing  these  substances,  but 
many  plants  have  leaves 
which  are  especially  fitted  for  this  function.  Such  leaves  fall  rather 
naturally  into  two  general  classes:  those  especially  fitted  for 


Fic.  100.  Bright-colored  bracts  surrounding 
the  small  flowers  of  Bougainvillea  specta- 
bills.  (  X  |) 


Fic,  101,  A  walking  fern  {Adiantum  caudatum) .  (  X  •}) 


absorbing  water  and  the  things  which  are  ordinarily  dissolved  in 
it,  and  those  that  catch  insects  or  other  small  animals  *and  obtain 
nutrient  substances  in  this  manner. 
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Water-absorbing  leaves.  The  leaves  of  submerged  plants 
are  not  ordinarily  exposed  to  evaporation  and  do  not  have  cutin- 
ized  epidermal  walls.  They  are  surrounded  by  water  in  which 

mineral  matter  is  dissolved,  and 
so  can  absorb  these  substances 
directly. 

Many  plants  growing  in  dry  sit¬ 
uations  have  leaves  that  are  pro¬ 
vided  with  absorbing  hairs.  These 
may  be  of  great  advantage  to  a 
plant  by  enabling  it  to  absorb 
water  from  light  rains  which  do 
not  wet  the  soil,  or  even  from 
dew.  They  are  of  considerable 
use  to  plants  growing  in  situa¬ 
tions  where  for  long  periods  there 
may  be  dew  every  night  but  no 
rain.  Dew  is  condensed  on,  and 
absorbed  by,  these  hairs.  Some  plants  have  leaves  which  are  espe¬ 
cially  fitted  for  collecting  and  absorbing  water.  The  bromeliads 
(plants  of  the  pineapple  family)  furnish  excellent  examples  of 
absorbing  hairs  (Fig.  252). 


Fig.  102,  Leaf  of  life  plant  {Bryo- 
phyllum  pinnatum)  producing  small 
plants.  (  X  -1) 


Fig.  103.  Bulbs  of  lily  and  onion 

Left,  lily ;  center,  exterior  view  of  onion  bulb ;  right,  section  of  onion  bulb 


Carnivorous  leaves.  There  are  several  different  types  of  leaves 
which  catch  insects  and  other  small  animals  from  which  the  plant 
obtains  nitrogenous  materials.  These  have  been  discussed  in  the 
chapter  on  assimilation. 
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of  white  or  brightly  colored  petals  is  to  attract  insects  or  other 

animals  which  polli¬ 


nate  the  flowers.  As 
we  shall  see  later,  the 
petals  are  modified 
leaves.  Aside  from 
petals  there  are  other 
types  of  leaves  which 
serve  to  attract  in¬ 
sects.  In  some  cases 
the  flowers  are  small, 
and  the  function  of 
attracting  insects  is 
performed  by  large 
white  or  brightly  col¬ 
ored  leaves.  These 
leaves  may  have  the 
shape  of  ordinary  fo¬ 
liage  leaves  and  dif¬ 
fer  from  them  largely 
in  being  white  or 
brightly  colored,  as 
in  the  case  of  the, 
poinsettia  (Fig.  98). 
In  other  cases  the 
leaves  (bracts)  have 
a  shape  very  differ¬ 
ent  from  that  of  foli¬ 
age  leaves  (Figs.  99, 
100).  In  many  cases 


Fig.  104.  A  staghorn  fern  (Platycerium  hiforme)  i^is  not  the  flowerS 


growing  on  a  coconut  trunk.  ( X  |)  themselves  but  the 


bracts  that  are  showy. 

Reproduction  (seed  function).  Many  plants  can  be  propagated 
by  means^pf  leaf  cuttings;  this  form  of  propagation  is  commonly 
practiced  in  the  case  of  begonias.  Some  plants  in  their  wild  state 
reproduce  regularly  by  means  of  leaves.  Striking  examples  are 
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afforded  by  the  so-called  walking  ferns  and  by  Bryophyllum.  The 
walking  ferns  have  long  leaves  the  tips  of  which  reach  the  ground, 
strike  root,  and  grow  into  new  plants  (Fig.  101).  The  leaves  of 
Bryophyllum  have  small  notches  in  their  margins.  When  these 
leaves  fall  or  are  removed  from 
the  parent  plant,  small  plantlets 
grow  from  the  notches  (Fig.  102). 

These  plantlets  send  roots  into 
the  soil  and  grow  into  large 
plants. 

Storage.  Leaves  that  are  spe¬ 
cialized  for  storage  can  be  di¬ 
vided  into  three  general  classes : 
leaves  with  special  water-storage 
tissue,  those  with  special  food- 
storage  tissue,  and  those  which 
form  pockets  for  collecting  ma¬ 
terials  out  of  which  the  roots 
absorb  such  substances  as  are 
ordinarily  obtained  from  the 
soil. 

Water  storage.  Some  plants 
which  grow  in  very  dry  regions 
have  leaves  that  are  greatly 
thickened  by  water-storage  tis¬ 
sue.  Such  tissue  is  very  promi¬ 
nent  in  the  leaves  of  the  cen¬ 
tury  plant  {Agave  spp . ) .  Special 
water-storage  tissue  is  not  con¬ 
fined  to  leaves  that  are  greatly 
thickened,  but  also  occurs  in  some 
which  have  the  appearance  of 
ordinary  foliage  leaves  (Figs.  79,  83).  This  is  true  of  such  plants 
as  the  India  rubber”  tree  familiar  as  a  house  plant  {Ficus  elastica). 

Food  storage.  Fleshy  bulbs  are  composed  largely  of  thickened 
leaf  bases,  as  in  the  onion  (Fig.  103),  or  of  whole  leaves,  as  in  lilies. 
In  both  cases  the  leafy  part  of  the  bulb  serves  for  the  storage  of 
food. 


Fig.  105.  Stipules  of  India  rubber  tree 
(Ficus  elastica) 

The  united  stipules  of  the  young  open¬ 
ing  leaf  surround  the  bud,  while  those 
of  the  second  leaf  are  about  ready  to 
fall.  (X  4) 


112  The  Plant  Kingdom 

Pocket  leaves.  A  considerable  number  of  epiphytic  tropical 
plants  have  the  lower  portion  of  their  leaves,  or  special  leaves,  mod¬ 
ified  into  pocket-like  struc¬ 
tures,  in  which  leaves,  dust, 
and  other  debris  collect.  The 
roots  grow  into  this  debris 
and  absorb  materials  from 
it  (Fig.  255).  The  staghorn 
fern  is  a  well-known  exam¬ 
ple  (Fig.  104).  This  plant  has 
two  types  of  leaves :  ordi¬ 
nary  foliage  leaves  which  hang 
down,  and  collecting  leaves 
which  surround  the  mass  of 
roots. 

Water  collects  in  the  cups 
formed  by  the  overlapping 
lower  portions  of  the  leaves 
of  some  bromeliads  and  is  ab¬ 
sorbed  by  the  leaves  (Fig.  252). 

Protection.  At  the  tip  of  a  growing  stem  there  is  a  soft  growing 
region  which  is  surrounded  and  pro¬ 
tected  by  the  young  leaves.  This 
protection  may  be  afforded  by  whole 
leaves  or  by  stipules  (Figs.  15, 105). 

Aside  from  this  protective  function, 
many  leaves  are  specially  modified 
for  protecting  the  plant.  The  differ¬ 
ent  kinds  of  leaves  which  have  this 
special  function  may  be  divided 
into  three  classes :  spiny  leaves, 
motile  leaves,  and  bud  scales. 

Spiny  leaves.  A  large  number 
of  animals  feed  directly  on  plants. 

In  some  cases  this  is  of  advantage 
to  the  plants,  as  when  birds  eat  the 
fruits  of  a  plant  and  scatter  the  seeds ;  but  the  feeding  of  animals 
on  the  foliage  or  stems  can  be  regarded  only  as  harmful  to  the 


Fic.  107.  Stipular  spines  of  the 
bipinnate  leaf  of  cassie  flower 
(Acacia  farnesiana) .  (  X  i) 


Fic.  106.  Marginal  and  stipular  spines 
of  the  simple  leaf  of  Acanthus  ilici- 
jolius.  (  X 
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plants.  Many  plants  are  protected  from  animals,  to  a  greater  or 
less  degree,  by  the  development  of  spines  (Fig.  106).  On  the  other 
hand,  many  spiny  plants  are  eaten  by  browsing  animals.  Spines 
may  be  stem  or  root  structures,  but  very  frequently  they  are  modi¬ 
fied  leaves.  Whole  leaves  that  are  modified  as  spines  (Fig.  82)  may 

or  may  not  serve  for  photosynthesis. 
The  spines  of  the  cacti  (Fig.  277)  are 
believed  to  be  modified  leaves.  In 
some  cases  spines  are  developed  at 
the  tip  or  on  other  portions  of  a  leaf. 
The  daggerlike  leaf  of  the  century 
plant  is  a  striking  example  of  a  leaf 
whose  tip  is  developed  into  a  spine. 
Stipules  are  sometimes  modified  into 
stout  spines  (Fig.  107). 

Motile  leaves.  The  leaf  bases  of 
many  leaves  and  the  bases  of  the  leaf¬ 
lets  of  many  compound  leaves  are 
modified  into  motile  organs  known 
as  pulvini.  These  are  most  conspicu¬ 
ous  in  compound  leaves,  where  the 
whole  pinna  hangs  down  and  the 
leaflets  fold  together  (Fig.  108)  at 
night  or  when  exposed  to  intense 
sunlight.  Such  movements  are  the 
result  of  the  bending  of  the  pulvini. 
The  significance  of  the  drooping  and 
Fic.  110.  Dissected  bud  of  buck-  folding  up  at  night  (sleep  movements) 

Zwil"  ..rrortud  “erstood,  but  it  has  been  sug- 
scales  to  leaves  gcsted  that  these  movements  serve  to 

reduce  the  radiation  of  heat  from  the 
leaves.  When  leaves  droop  and  fold  up  while  exposed  to  intense 
sunlight,  such  movements  seem  to  be  fitted  to  reduce  the  rate  of 
transpiration.  The  leaves  of  the  sensitive  plant  (Mimosa  pudica) 
not  only  show  sleep  movements  but  also  fold  up  and  hang  down 
as  a  result  of  contact  or  of  shaking  (Fig.  109).  When  the  plant  is 
shaken,  the  leaflets  of  all  the  leaves  may  fold  together  and  the 
pulvini  of  the  leaves  bend  so  that  the  leaves  hang  down.  These 
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movements  result  in  a  very  striking  change  in  the  aspect  of  the 
plant.  Instead  of  having  a  luxuriant  display  of  foliage,  it  becomes 
very  inconspicuous.  The  significance  of  these  movements  is  not 
clear,  but  they  would  seem  to  afford  some  protection  from  brows¬ 
ing  animals. 

Bud  scales.  We  have  seen  that  the  tips  of  stems  are  protected 
by  leaves.  We  also  find  that  many  deciduous  plants  have  specially 
modified  leaf  structures  which  protect  the  buds  during  the  season 
in  which  the  tree  is  leafless  (Fig.  114).  These  structures  are  known 
as  bud  scales,  and  may  represent  whole  leaves,  petioles  with  un¬ 
developed  blades,  or  stipules.  In  some  cases  there  is  in  the  same 
bud  a  series  of  transition  forms  from  highly  modified  bud  scales  to 
leaves  (Fig.  110).  Bud  scales  are  frequently  covered  with  gummy 
or  resinous  substances  and  afford  excellent  protection  to  the  bud. 

The  bracts  which  cover  some  types  of  unopened  flowers  are 
also  modified  leaves  which  have  a  protective  function. 

In  this  category  we  may  also  include  the  reduced  leaves  of 
parasitic  and  saprophytic  plants.  Such  plants  do  not  produce 
chlorophyll,  and  have  only  small  reduced  leaves  whose  only  func¬ 
tion  would  seem  to  be  that  of  protecting  the  buds. 


CHAPTER  VIII 


THE  STEM 

The  chief  function  of  the  stem  is  to  support  the  leaves _and 
reproductive  organs  in  such  a  manner  that  they^carTa^anta^ 
dui^  cariy~ 3n  their  several  functions.  When“Ve^analyze  this 
function  of  the  stem,  we  find  thafseveral  aspects  must  be  consid¬ 
ered.  These  can  be  grouped  as  attachment,  position,  and  increase 
in  number  of  leaves  and  reproductive  organs. 

Attachment.  The  stem  furnishes  any  organ  which  it  bears  with 
a  place  of  attachment,  and  thus  enables  that  organ  to  maintain  its 
position. 

Position.  In  most  cases,  stems  serve  to  distribute  the  leaves 
in  such  a  manner  that  they  do  not  shade  each  other  to  any  great 
extent.  Insect-pollinated  flowers  are  usually  in  such  a  position 
that  they  are  readily  visible  to  the  pollinating  agents,  while  wind- 
pollinated  flowers  are  so  exposed  that  the  pollen  may  be  carried  by 
wind  from  one  flower  to  another.  Stems  support  most  fruits  in  such 
a  way  that  they  may  be  readily  distributed  by  disseminating  agents. 

Increase  in  number.  Many  stems  serve  greatly  to  increase  the 
number  of  leaves  and  reproductive  organs  that  are  produced  by 
the  plant.  The  stem,  by  increasing  the  number  of  leaves  that  the 
plant  bears,  enables  the  plant  to  produce  more  food  and  conse¬ 
quently  a  greater  number  of  seeds. 

Incidental  functions.  Besides  the  main  function  of  support  the 
stem  has  two  important  incidental  functions :  namely,  to  conduct 

leaves  and  reproductive  structures. 
JjDAAo-C^JE^ood  from  the  leaves  to  other  parts  of  the  plant.  It  is 
evident  that  if  leaves  and  flowers  were  attached  directly  to  the 
roots,  there  would  be  no  need  and  no  possibility  for  any  other 
organ  to  conduct  materials  between  roots  and  leaves. 

The  stem  is  frequently  an  important  storage  organ.  During 
a  large  part  of  their  lives  many  plants  manufacture  food  faster 
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than  it  is  used ;  in  most  cases  a  large  part  of  this  surplus  is  stored 
in  the  stem.  A  stem  is  a  better  storage  organ  than  an  ordinary 
leaf,  as  it  is  usually  a  more  permanent  structure.  Moreover,  it  is 
of  advantage  to  the  plant  that  the  surplus  food  manufactured  in 
the  leaves  is  removed  from  them,  so  that  food  material  does  not 
accumulate  and  interfere  with  its  continued  production. 


STRUCTURE  OF  STEMS 


Nodes  and  intemodes.  The  stem  (Fig.  Ill)  is  composed  of 
nodes  (the  places  where  leaves,  and  branches  originate)  and  inter- 
nodes  (the  parts  of  the  stem  between  the  nodes).  Branches  usually 
originate  at  nodes, 
in  the  axils  of  the 
leaves  (that  is,  just 
above  the  point  of 
attachment  of  the 
leaves). 

Apical  growth. 

The  growth  of  a 
stem  in  length  takes 
place  largely,  and 
in  most  cases  only, 
at  and  near  the  tip. 


Fig.  111.  Horizontal  branch  of  guava  (Psidium 
guajava) .  (  X  i) .  See  Fig.  116 


Very  good  evidence  of  this  fact  is  afforded  by  an  examination  of 
an  actively  growing  stem  of  a  dicotyledonous  plant  (Fig.  111). 
It  will  be  seen  that  all  the  leaves,  except  those  near  the  tip,  are 
of  about  the  same  size,  and  that  the  internodes  are  of  approx¬ 
imately  equal  length.  The  similarity  in  size  of  the  leaves  shows 
that  no  new  leaves  are  formed  on  the  older  parts  of  the  stem, 
while  the  similarity  in  length  of  the  internodes  proves  that  when 


an  internode  has  reached  a  certain  length,  elongation  ceases.  If 
all  parts  of  the  stem  were  to  continue  to  grow  in  length  through¬ 
out  their  existence,  the  internodes  would  be  progressively  longer 
toward  the  base  of  the  stem.  Near  the  tip  of  a  growing  stem 
(Figs.  15>  111)  the  leaves  are  very  minute,  while  toward  the  lower 
part  "of  the  stem  they  are  progressively  larger  until  they  reach 
mature  size.  The  internodes  near  the  tip  are  also  very  short,  but 
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away  from  the  tip  they  become  progressively  longer  until  they  also 
assume  a  definite  length.  The  explanation  of  this  is  that  new  leaves 
and  internodes  are  formed  at  the  tip,  and  that  they  soon  reach 
their  mature  length  and  then  show  no  further  growth  in  length. 
Growth  at  the  tip  of  an  organ  is  called  apical  growth. 

The  apical  growth  of  a  stem  is  due  to  the  activity  of  a  few 
actively  dividing  cells  which  are  found  at  the  very  tip  of  the  stem. 
This  part  of  the  stem  is  hidden  by  the  young  leaves  produced  near 


Fig.  112.  Section  through  apex  of  the  stem  of  a  water  plant 


Left,  through  whole  bud  (x  60) ;  right,  through  apex  only  (X  400) 


the  tip,  and  cannot  be  seen  until  these  leaves  are  removed  (Fig. 
112).  A  group  of  actively  dividing  cells  is  called  meristem. 

Intercalary  growth.  In  addition  to  apical  growth  some  plants 
have  another  type  of  growth  known  as  intercalary  growth.  This 
type  of  growth  is  very  prominent  in  the  stems  of  grasses.  In 
grasses  a  group  of  cells  just  above  each  node  remains  meristematic 
for  a  considerable  period  of'  time  and  by  division  forms  new  cells, 
thus  increasing  the  length  of  the  internode.  When  the  growing 
stem  of  a  grass  is  pulled  apart,  it  will  usually  break  just  above  a 
node,  where  the  soft  meristematic  tissue  is  located.  This  meriste¬ 
matic  tissue  in  the  grasses  does'  not  usually  have  enough  strength 
to  support  the  stem,  but  is  reinforced  by  the  sheathing  leaf  bases 
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(Fig.  93).  This  is  evident  when  these  leaf  bases  are  removed,  as 
the  young  stem  will  bend  in  the  region  of  meristematic  tissue. 
Even  where  intercalary  growth  is  found  it  is  not  so  important 
as  apical  growth,  for  apical  growth  produces  new  nodes  and 
intemodes,  while  intercalary  growth  only 
increases  the  length  of  the  intemodes  to  a 
limited  extent. 

Position  of  leaves.  Leaves  are  formed  only 
at  the  tip  of  a  stem.  They  grow  to  mature 
size,  perform  their  functions  for  a  time,  and 
finally  fall  from  the  stem.  As  no  new  leaves 
are  formed  on  the  older  parts  of  a  stem,  the 
old  portions  of  branches  are  always  leafless, 
the  leaves  being  confined  to  the  smaller  and 
younger  portions.  When  leaves  appear,  on 
superficial  observation,  to  arise  directly  from 
large  trunks  or  branches,  they  really  occur 
on  short  branches  that  are  too  small  to  be 
conspicuous. 

Leaf  scars.  When  leaves  fall,  they  leave 
scars,  known  as  leaf  scars  (Fig.  114),  on  the 
stem.  These  scars  persist  for  a  considerable 
length  of  time  and  mark  the  location  of  the 
nodes  long  after  the  leaves  have  fallen.  In 
each  scar  are  a  number  of  more  or  less  con¬ 
spicuous  dots,  which  in  each  species  are  ar¬ 
ranged  in  a  definite  pattern.  These  dots 
mark  the  places  where  groups  of  xylem  and  phloem  cells  (called 
vascular  bundles)  passed  from  the  stem  to  the  leaf. 

Buds.  On  stems  that  normally  branch,  buds  are  usually  pro¬ 
duced  in  the  axils  of  all  the  leaves  (Fig.  113).  Buds  are  also  found 
at  the  tips  of  stems,  unless  the  bud  has  died  or  produced  a  terminal 
flower  or  flower  cluster  which  has  dropped  off  and  ended  the  longi¬ 
tudinal  growth  of  the  stem.  When  the  life  of  a  terminal  bud  is 
ended  by  the  production  of  a  flower  cluster,  the  continued  growth 
of  the  shoot  is  due  to  one  or  more  axillary  buds.  Buds  are  un¬ 
developed  shoots.  After  they  are  formed,  they  may  either  develop 
into  shoots  or  remain  dormant.  A  bud  that  has  been  dormant  for 


Fic.  113.  Buds  in  the 
axils  of  leaves  of  mul¬ 
berry  (Moms  alba) 

The  dots  on  the  stem 
are  lenticels.  (x  |) 
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a  number  of  years  may  be  forced  to  develop  into  a  shoot  by  the 
removal  of  that  part  of  the  stem  which  is  above  the  bud. 


Bud  scales.  Buds 
are  protected  by  a  cov¬ 
ering  of  leaves.  When 
deciduous  trees  are 
leafless  for  a  consider¬ 
able  period,  the  dor¬ 
mant  buds  found  on 
them  during  that  time 
are  usually  covered  by 
specially  modified  pro¬ 
tecting  leaves  known 
as  bud  scales  (Figs.  114, 
110).  These  are  de¬ 
scribed  in  the  preced¬ 
ing  chapter.  When  bud 
scales  fall,  they  leave 
scars,  just  as  do  ordi¬ 
nary  leaves.  Usually, 
however,  the  scars  of 
bud  scales  are  consider¬ 
ably  smaller  and  rriuch 


Fig.  114.  Leafless  branches  of  elm  (left)  and 
horse-chestnut  (right),  with  winter  buds  pro¬ 
tected  by  bud  scales 

The  main  branch  of  the  elm  has  three  rings  of  bud- 
scale  scars,  showing  that  the  lower  part  of  the 
branch  is  four  years  old ;  a  ring  of  scars  at  the 


more  crowded  together 
than  are  those  of  ordi¬ 
nary  leaves.  The  re¬ 
sult  is  that  when  the 
scales  around  a  dor- 


base  of  each  side  branch  shows  that  these  mant  bud  fall,  the 

E™"*  crowded  bud-scale  soais 
(X  t).  The  branch  of  horse-chestnut  also  has  - 

three  rings  of  scars,  showing  that  the  lower  part  tf^GflUently  form  a  con- 
of  the  branch  is  four  years  old  (x  i)  spicuous  ring  around 


the  stem  and  thus  ena¬ 


ble  us  to  determine  mueh  of  the  history  of  that  stem.  A  season’s 
growth  always  begins  just  above  a  ring  of  bud-scale  scars  and 
ends  with  the  formation  of  a  new  set  of  scales,  so  that  by  counting 
the  rings  of  bud-scale  scars  we  can  tell  the  age  of  a  branch.  Also, 
by  examination  of  the  part  of  the  stem  between  the  rings  we  can 
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tell  how  much  growth  was  made  during  past  seasons  and  the 
number  of  leaves  borne  by  the  branch  during  those  seasons.  The 
falling  of  leaves  which  results  in  leafless 
branches  and  also  in  the  formation  of  rings 
of  bud-scale  scars  may  be  connected  with 
either  a  long  cold  season  or  a  severe  dry 
season  (Fig.  115).  Trees  which -do.  not  shed 
their  leaves  may  have  their  branches  marked 
by  rings  of  bud-scale  scars  if  growth  in  length 
is  seasonal  and  the  buds  are  protected  by 
scales. 

When  stems  continue  to  grow  and  bear 
leaves  throughout  the  year,  there  are  of 
course  no  rings  of  bud-scale  scars,  and  it  is 
not  possible  to  tell  the  age  of  a  branch  by 
inspection. 

Lenticeis.  The  epi¬ 
dermis  of  the  very 
young  parts  of  a  stem 
contains  stomata.  As 
the  stem  grows  older 
these  are  replaced  by 
lenticeis,  which  are 
groups  of  loosely  ar¬ 
ranged  cells  that  allow 
an  exchange  of  gases 
between  the  interior 
of  the  stem  and  the 
external  atmosphere. 

On  the  younger  inter¬ 
nodes  these  can  usu¬ 
ally  be  seen  as  brown¬ 
ish  spots  with  raised 
borders  (Fig.  113). 

Arrangement  of  leaves.  The  leaves  oc¬ 
cur  on  the  stem  in  a  number  of  different 
arrangements.  The  system  of  leaf  arrangement  is  known  as  phyl- 
lotaxy.  When  two  leaves  are  attached  opposite  each  other  at  the 


the  Erythrina  indica, 
a  tropical  tree  which 
is  leafless  during  the 
dry  season 

This  branch  is  marked 
by  three  rings  of  scars 
left  by  the  falling  of 
scales  which  protected 
the  bud  during  succes¬ 
sive  dry  seasons.  The 
three  rings  show  that 
the  lower  part  of  the 
branch  is  four  years 
old.  (x  4) 


on  an  upright  branch  of 
guava  {Psidium  guajava) 

Compare  position  of  the 
leaves  in  Fig.  111.  (x  f) 
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Fig.  117.  Diagram  show¬ 
ing  the  arrangement  of 
two-ranked  leaves 


node,  they  are  called  opposite  leaves  (Fig,  116).  On  vertical  stems 
each  pair  of  opposite  leaves  is  borne  at  right  angles  to  the  point  of 
attachment  of  the  pairs  above  and  below 
it,  so  that  the  attachments  of  the  leaves 
occur  on  the  stem  in  four  vertical  rows, 
or  ranks  (Fig.  116).  When  three  or  more 
leaves  are  attached  to  the  same  node,  they 
are  designated  as  whprled.  Whorled  leaves 
are  attached  above  and  below  points  be¬ 
tween  the  points  of  attachment  of  the 
leaves  of  neighboring  whorls,  except  when 
there  are  irregularities  in  the  whorls.  If 
only  one  leaf  occurs  at  a  node,  the  leaves 
are  said  to  be  alternate  (Fig,  194).  Alter¬ 
nate  leaves  are  arranged  in  a  spiral  around 
the  stems,  and  the 
leaves  have  a  defi¬ 
nite  location  in  the 
spiral.  This  loca¬ 
tion  varies  with 
different  species. 

Phyllotaxy  of  alternate  leaves.  In  some 
cases  alternate  leaves  occur  only  on  two 
sides  of  the  stem,  so  that  every  leaf  is  above 
the  second  one  below  (Fig,  93).  Such  leaves 
are  in  two  rows  (two-ranked),  and  each  leaf 
is  halfway  around  the  stem  from  the  next 
in  age  (Fig.  117). 

Another  arrangement  is  in  three  ranks, 
in  which  the  point  of  attachment  of  every 
leaf  is  directly  above  that  of  the  third  leaf 
below  (Fig.  118)  and  there  is  a  complete 
turn  of  the  spiral  for  every  three  leaves. 

If  we  include  the  leaf  which  begins  a  turn 
of  a  spiral  and  also  the  one  which  ends  it,  there  are,  of  course, 
four  leaves ;  but  when  we  take  into  consideration  the  whole  length 
of  the  stem,  there  will  be  noted  a  turn  for  every  three  leaves. 

The  commonest  arrangement  is  in  five  ranks,  with  the  point 


Fig,  118.  Diagram  show¬ 
ing  the  arrangement  of 
three-ranked  leaves 
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of  attachment  of  each  leaf  2/5  of  the  way 
around  the  stem  from  that  of  the  leaf  next 

1^3 

in  age  (Figs.  119,  194).  In  such  arrange¬ 

ment  the  point  of  attachment  of  every  leaf 

Jr^ 

is  directly  above  that  of  the  fifth  leaf  be¬ 

■-tij - 

fl 

! 

low,  and  there  are  two  turns  in  the  spiral 

J - 

— H 

for  every  five  leaves. 

J  » 

— 

Still  another  method  of  arrangement  is 

j — ^ 

in  eight  ranks,  with  the  point  of  attach¬ 

1  ■ 

ment  of  every  leaf  3/8  of  the  way  around 

r-i - - 

- — 

the  stem  from  the  next  in  age  (Fig.  120). 

■ll. _ 

— 

In  this  case  the  point  of  attachment  of  a 

1 

leaf  is  directly  above  that  of  the  eighth 

! 

1  '*■ 

below,  and  there  are  three  turns  in  the 

g-r— ' 

spiral  for  every  eight  leaves. 

in.?_ _ 

"r . 
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portion  of  the  distance  around  the  stem  that 
a  leaf  is  removed  from  the  one  next  in  age  is  ing 
called  the  divergence.  When  leaves  are  two- 
ranked  (halfway  around  the  stem  from  each 
other)  the  divergence  is  1/2.  We  have  just  con¬ 
sidered  cases  in  which  the  divergence  is  1/2, 

1/3,  2/5,  and  3/8.  These  figures,  however, 
show  other  relations  than  the  divergence.  In 
the  case  of  a  divergence  of  3/8  (Fig.  120)  the 
denominator  8  shows  the  number  of  internodes 
between  two  successive  leaves  that  are  in  the 
same  vertical  line  on  the  stem,  and  also  the 
number  of  vertical  rows  in  which  the  leaves 
are  arranged  on  the  stem.  The  numerator  3 
shows  the  number  of  turns  of  the  spiral  for 
every  eight  leaves.  The  same  relation  holds 
for  all  other  divergences.  In  the  case  of  2/5 
the  denominator  5  shows  the  number  of  inter- 
nodes  between  two  successive  leaves  that  are 
on  the  same  vertical  line  and  the  number  of 
rows  m  which  the  leaves  are  arranged.  The 
numerator  2  shows  that  there-  are  two  turns  in 
the  spiral  for  every  five  leaves.  When  the  diver¬ 
gence  is  1/3,  every  leaf  is  above  the  third  below,  the  leaves  are  arranged 
in  three  rows,  and  there  is  one  turn  of  the  spiral  for  every  three  leaves. 


.  119.  Diagram  show- 
the  arrangement  of 
five-ranked  leaves 

The  top  of  the  cylinder  is 
marked  off  into  five  equal 
sectors.  From  the  end  of 
each  line  of  division  a  line 
runs  down  the  stem 
through  a  row  of  leaves, 
showing  that  the  leaves 
are  in  five  rows.  The  five 
vertical  lines  divide  the 
stem  into  equal  parts,  so 
that  the  distance  around 
the  stem  that  one  leaf  is 
from  the  next  in  age  (as 
from  leaf  2  to  leaf  3)  can 
be  determined.  This  dis¬ 
tance  is  two  fifths  of  the 
circumference,  so  that 
the  divergence  is  2/5. 
Between  two  consecutive 
leaves  in  the  same  verti¬ 
cal  row  there  are  two 
turns  of  the  spiral 
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The  greatest  divergence  that  occurs  with  alternate  leaves  is  1  /2,  and 
the  smallest  is  1/3.  All  other  divergences  are  intermediate  between  these 
two. 

Series  of  divergences.  The  divergences  for  alternate  leaves  can  be 
arranged  in  the  following  series:  1/2,  1/3,  2/5,  3/8,  5/13,  8/21,  I3/34 

21/55,  etc.  Each  fraction  represents  the  part 
of  the  way  around  the  stem  that  one  leaf  is 
from  the  next  in  age.  In  each  fraction  the 
denominator  represents  the  number  of  inter- 
nodes  between  successive  leaves  that  are  sit¬ 
uated  in  the  same  vertical '  row,  and  also  the 
number  of  vertical  rows  of  leaves  on  the  stem, 
while  the  numerator  shows  the  number  of 
turns  of  the  spiral  between  two  successive 
leaves  in  the  same  vertical  row.  It  should  be 
noted  that  the  numerator  and  denominator  for 
every  divergence  can  be  obtained  by  adding 
together  those  of  the  two  preceding  fractions 
in  the  series. 

The  first  figure  in  the  series,  1/2,  is  the 
greatest  divergence  that  occurs  with  alternate 
leaves ;  the  second  figure,  1/3,  is  the  smallest ; 
the  third  figure,  2/5,  is  the  second  largest; 
the  fourth  figure,  3/8,  is  the  second  smallest; 
the  fifth  figure,  5/13,  is  the  third  largest;  the 
sixth  figure,  8/21,  is  the  third  smallest;  the 
seventh  figure,  13/34,  is  the  fourth  largest; 
and  the  eighth  figure,  21/55,  is  the  fourth 
Fic.  120.  Diagram  *ow-  smallest,  etc.  This  can  be  eyresscd  in  a  dif- 
ing  arrangement  of  eight-  t^^ent  way.  If  we  take  the  first  figure  in  the 
ranked  leaves  series  and  then  every  second  figure,  we  obtain 

the  following  descending  series  of  divergences : 
1/2, 2/5,  5/13,  13/34..  If  we  take  the  second  figure  in  the  series  and  then 
every  other  figure,  we- obtain  the  following  ascending  series  of  diver¬ 
gences:  1/3,  3/8,  8/21,  21/55.  The  divergences  of  these  series  expressed 
in  degrees  and  minutes  of  circumference  can  be  tabulated  as  follows : 

1/2=180°  1/3=120° 

2/5=144°  3/8=135° 

5/13  =138°  28  8/21  =  137°  8' 

13/34=  137°  39'  21/55  =  137°  27' 

The  largest  figure  in  the  ascending  series  is  never  as  large  as  the  smallest 
in  the  descending  series,  and  both  series  approach  the  same  limit,  which  is 
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a  div6rg6iic6  of  137°  30^  28^^.  ThB  above  jS.giires  for  the  asceiidiag  and 
descending  series  show  that  all  members  of  the  original  series  have  values 
which  lie  within  the  limits  1/2  and  1/3.  Likewise,  the  values  for  higher 
members  than  3/8  lie  between  2/5  and  3/8,  and  the  values  for  higher 
members  than  8/21  lie  between  5/13  and  8/21.  The  difference  between 
the  divergences  13/34  and  21/55  is  only  12^,  or  1/5  of  a  degree,  and  the 
difference  between  any 
two  higher  members  of  the 
series  must  be  less  than 
this.  There  is,  therefore, 
very  little  difference  be¬ 
tween  the  divergences  of 
the  higher  members  of  the 
series.  This  relationship 
is  shown  in  Fig.  121. 

The  phyllotaxy  is  fre¬ 
quently  obscured  by  a 
twisting  of  the  stem.  A 
very  striking  case  is  that 
of  the  umbrella  plant. 

Here  the  leaves  are  in 
three  rows,  but^the  stem 
is  so  twisted  that  the 
leaves  radiate  in  all  direc¬ 
tions  (Fig.  122). 


Fig.  121.  Diagram  showing  the  divergence  of 
alternate  leaves,  expressed  in  degrees  of  cir¬ 
cumference 

All  divergences  lie  between  1/3  =  120°  and 
1/2  =  180°,  while  all  members  of  the  series 
higher  than  2/5  lie  between  2/5  =  144°  and 
3/8  =,135°.  The  members  higher  than  5/13 
lie  so  close  to  the  theoretical  limit  of  137°  30' 
that  it  is  not  practicable  to  show  them  on  a 
diagram  of  this  size 


Branching.  A  great 
many  stems  branch  and 
thereby  increase  the 
number  of  leaves  and 
flowers  which  the  stem 
can  advantageously  sup¬ 
port.  Since  buds  grow 
in  the  axils  of  the  leaves,  the-  arrangement  of  the  branches  -would 
be  the  same  as  that  of  the  leaves  if  all  buds  produced  branches. 
Usually,  however,  many  of  the  buds  fail  to  grow.  Some  plants,  as 
is  the  case  with  numerous  palms  (Fig.  123),  do  not  branch  at  all. 
In  many  species  the  main  stem  continues  to  grow  throughout  the 
life  of  the  plant  and  is  very  much  more  vigorous  than  any  of 
the  branches  (Fig.  124).  Plants  that  have  this  form  of  growth 
are  said  to  be  excurrent.  In  trees  with  excurrent  growth  the  main 
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Fic.  122.  Top  view  of  a  stem  of  the 
umbrella  plant  {Cyperus  flabellifor- 
mis) ,  showing  three-ranked  leaves  on 
a  twisted  stem 

The  three  rows  of  leaves  can  be  traced 
by  means  of  the  axillary  buds,  (x  J) 


trunk  extends  as  a  central  shaft 
’  >P 


or  less  horizontally .  This  results 
in  a  conical  crown.  The  oppo¬ 
site  form  of  growth  is  known 
as  deliquescent  (Fig.  125).  In 
trees  that  have  this  form  the 
main  trunk  is  short,  while  the 
branches  divide  into  smaller  and 
smaller  branches,  producing  a 
spreading  crown. 

Adventitious  buds.  Most 
branches  originate  from  buds 
in  the  axils  of  the  leaves  and  are 
called  axillary  branches.  Buds 
may,  however,  arise  from  the 
internodes,  the  roots,  or  even 
the  leaves  (Figs.  101,  102),  es¬ 
pecially  as  the  result  of  iniurv 


Fic.  123.  Coconut  palms  along  a  seacoast 
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Such  buds  are  said  to 
be  adventitious  buds, 
and  the  branches  pro¬ 
duced  by  them  are  ad¬ 
ventitious  branches. 
The  growth  of  adven¬ 
titious  buds  is  made 
use  of  in  the  process 
of  pollarding,  that  is, 
the  cutting  back  of 
the  tree  to  the  trunk 
to  promote  a  dense 
growth  of  branches 
which  arise  from  the 
tissue  produced  around 
the  wound.  In  the 
case  of  the  willow,  pol¬ 
larding  produces  slen¬ 
der  branches,  which 
are  used  in  making 
baskets.  In  propaga¬ 
tion  by  root  cuttings, 
which  is  practiced  in 
some  species,  advan¬ 
tage  is  taken  of  the 
fact  that  some  roots 
produce  adventitious 
buds. 

THE  TWO  TYPES  OF 


STEMS 

Flowering  plants, 
as  previously  noted, 
are  divided  into  two 
general  classes,  mono- 


Fig.  125.  Deliquescent  crown  of  a  rain  tree 
(Enterolobium  saman) 

The  rain  tree  is  a  native  of  tropical  America 
and  is  one  of  the  most  widely  used  tropical  trees. 
See  Fig.  108 


cotyledons  and  dicotyledons.  Monocotyledons  are  plants  that  have 


one  cotyledon,  or  seed  leaf,  and  dicotyledons  those  that  have  two 
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cotyledons.  The  cotyledons  are  the  first  leaves  produced  by 
plants,  and  are  usually  found  in  the  seed.  When  there  are  two 
they  are  opposite  each  other,  but  plants  with  two  seed  leaves  fre¬ 
quently  do  not  have  their  subsequent  leaves  opposite  each  other. 
The  leaves  of  dicotyledons  have  netted  veins  (Fig.  16),  while 
those  of  monocotyledons  usually  have  parallel  veins  (Fig.  16). 
If  a  dicotyledon  reaches  any  considerable  size,  it  has  a  bark  which 
can  be  readily  stripped  from  the  remainder  of  the  stem,  while 
monocotyledons  do  not  have  bark.  Stems  of  monocotyledons 
reach  a  certain  diameter  and  then  do  not  usually  become  thicker, 
while  stems  of  dicotyledons  generally  continue  to  grow  in  thick¬ 
ness  as  long  as  the  plant  lives.  The  floral  parts  of  monocoty- 
ledonous  plants  are  usually  arranged  in  threes  or  in  multiples  of 
three,  while  in  dicotyledonous  plants  the  numbers  vary,  but  they 
rarely  occur  in  threes  or  multiples  of  three.  The  most  important 
monocotyledons  are  grasses  (including  bamboos,  sugar  cane,  and 
all  cereals  such  as  corn,  rice,  and  wheat,  but  not  buckwheat; 
sedges  (plants  which  resemble  the  grasses  in  appearance) ;  palms 
(Fig.  123) ;  members  of  the  lily  family  and  related  families ; 
orchids ;  aroids ;  and  members  of  the  ginger  (Fig.  206)  and  banana 
(Fig.  91)  families.  Dicotyledonous  plants  are  much  more  numer¬ 
ous  and  include  all  ordinary  trees,  shrubs,  and  many  small  plants. 
The  structure  of  the  stem  of  a  monocotyledonous  plant  is,  as  we 
shall  see,  very  different  from  that  of  a  dicotyledonous  plant. 

ANATOMY  OF  DICOTYLEDONOUS  STEMS 

General  regions.  In  young  dicotyledonous  stems  there  are 
three  distinct  regions  (Fig.  126).  The  outermost  is  epider¬ 
mis.  Within  the  epidermis  there  is  a  zone  that  has  the  shape  of 
a  hollow  cylinder  and  is  known  as  the  cortex.  The  center  of  the 
stem  is  occupied  by  a  solid  column,  the  stele. 

Epidermis.  The  epidermis  of  the  stem  resembles  that  of  the 
leaf  very  closely  in  both  structure  and  function.  It  consists  of 
a  single  layer  of  cells  and  is  the  outermost  layer  of  the  stem.  It 
contains  stomata  and  produces  various  types  of  trichomes.  The 
outer  cell  walls  are  greatly  thickened  and  heavily  cutinized  (Figs. 
129,  130).  The  epidermis  serves  chiefly  for  restricting  the  rate  of 


protecting  the  underlying  tissues  from  me- 
r  -H-  disease-producing  organisms. 

epidermis  is  the  cor- 
ih  cortex  is  the  siarch  sheath,  known 

also  as  the  endodermis.  It  consists  of  a  single  layer  of  cells  which 


Fig.  126.  Cross  section  of  a  young  stem  of  Aristolochia  elegans 

e,  epidermis  of  cortex;  p,  parenchyma;  ca,  cambium;  pi, 

P  >  P. »  P  loem,  s,  sclerenchyma  of  pericycle;  x,  xylem.  (x  55) 


^rrounds  the  stele  and  contains  numerous  starch  grains,  from 
which  circumstance  its  name  is  derived  (Figs.  128,  130).  Fre- 

tissue  bv  the  distinguishable  from  ^  the  surrounding 

cortex  of  these  starch  grains.  The  part  of  the 

an  ouL  7  ^^/cgions,  an  inner  zone  of  parenchyma  and 

an  outer  zone  of  collenchyma  cells  (Figs.  126-130), 


Collenchyma  < 


Sckrenchyma 


Endcdemis-<. 


^^Sckrenchym 


—Endodermis 


Hi. 


Epidermis 


dial  and  tMeential  of  a  stem  dissected  in  cross, 

drat,  and  tangenUal  sections  to  show  the  various  tissues  of  which  it  is  compo 
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Parencliyma.  The  parenchyma  cells  of  the  cortex  have  the 
general  structure  and  functions  characteristic  of  parenchymatous 
cells  (Figs.  126-130).  Such 
cells  are  not  highly  special¬ 
ized  in  structure  for  the 
performance  of  any  par¬ 
ticular  function,  but  may 
be  regarded  as  general¬ 
ized  cells  which  carry  on 
to  a  limited  extent  all  the 
usual  functions  of  cells. 

Parenchyma  cells  are 
ordinarily  regular  in  shape, 
have  comparatively  thin 
walls,  and  are  not  greatly 
elongated  in  any  direction. 

They  are  living  cells  and 
contain  a  moderate  amount 
of  protoplasm.  TOenthey 
are  exposed  to  the  light 
they  develop  chloroplasts 
and  are  known  as  chlo- 
renchyma  cells.  Chloren- 
chyma  cells  are  thus  only 
a  special  kind  of  paren¬ 
chyma  cells.  The  paren¬ 
chyma  cells  ip^the  cortex 
of  a  stem  are  nehr  enough 
to  the  light  so  that  some  r- 
or  all  of  them  devclon  section  of  a  portion  of  stem 

chloroplasts  and  perform  a  vascular  bundle  and  the  tissues  around 
photosynthesis.  and  external  to  it 

By  being  distended  with  epidermis;  c,  collenchyma;  pc,  paren- 


By  being  distended  with  epidermis;  c,  collenchyma;  pc,  paren- 

water(tiirgid),parenchyma 

cells  fromiPn+ItT- Viol  •  •  s®krenchyraa  of  pencycle ;  pp,  parenchyma 

ceils irequently help mgiv-  of  pericyole;  p,  phloem; 

mg  rigidity  to  an  organ.  xylem  vessel ;  r,  pith  ray.  (x  180) 

parenchyma  cells  is  important  in  succulent  stems 
n  e  young  parts  of  the  stems  of  woody  plants  before  strong 
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mechanical  tissues  have  been  developed.  The  rigidity  produced 
by  the  turgor  of  the  parenchyma  cells  is  particularly  useful  in 
maintaining  the  form  of  the  younger  parts  of .  herbaceous  and 
climbing  stems.  It  is  of  little  or  no  help  in  dicotyledonous  stems 
that  have  developed  a  massive  column  of  wood. 


Fig.  129.  Longitudinal  section  of  a  portion  of  a  stem  of  Aristolochia  elegans 

e,  epideraia;  c,  cortex;  co,  collenchyma ;  cl,  chlorenchyma ;  p,  pericycle;  sc, 
sc  erenchyma;  pa,. parenchyma ;  ph,  phloem;  st,  sieve  tubef  co,  companion 
cell,  ca,  cambium;  a;,  xylem;  pv,  pitted  vessel ;  aw,  annular  vessel ;  sn,  spiral 
vessel;  pi,  pith.  .(X  190) 


Parenchyma  cells  serve  for  the  slow  conduction  of  water  and 
food.  In  the  case  of  the  cortex  of  the  stem  it  is  evident  that  the 
water  which  is  received  by  the  collenchyma  and  the  epidermis 
must  be  conducted  through  the  parenchyma.  ^ 

The  parenchyma  is  the  special  storage  tissue  of  plants.  In  gen¬ 
eral  the  parenchyma  of  the  cortex  is  less  important  than  the  paren¬ 
chyma  of  the  stele  as  a  food-storage  tissue,  but  food  is  frequently 
stored  in  it  to  some  extent. 


Coilencliyma.  On  the  inside  of  the  epidermis  there  is  usually  a 
band  of  colienchyma  (Figs.  126-130).  The  cells  of  the  collenchyma 
are  modified  parenchyma  cells  with  cellulose  walls  thickened  at 
the  angles  where  three  or  more  cells  are  in  contact  (Fig.  27).  The 
collenchyma  resembles  parenchyma  in  being  alive  and  in  having  a 
moderate  amount  of  pro¬ 


toplasm.  The  chief  func¬ 
tion  of  collenchyma  cells 
is  to  serve  as  strengthen¬ 
ing  material  in  succulent 
organs  which  do  not  de¬ 
velop  much  woody  tissue, 
or  in  the  soft  young  parts 
of  woody  plants  before 
stronger  tissues  have  been 
developed.  They  are  es¬ 
pecially  fitted  for  giving 
strength  to  young,  grow¬ 
ing  organs,  since  the  thick¬ 
ened  parts  of  the  walls 
have  considerable  rigidity, 
while  the  thinner  parts 
allow  for  an  exchange  of 
materials  between  the  cells 
and  for  the  stretching  and 
growth  of  the  cells.  The 
collenchyma  cells  of  stems 
sometimes  contain  chloro- 
plasts  and  carry  on  photo¬ 
synthesis. 


Vi  pith;  X,  xylem;  sv,  spiral  vessel ;  av,  an¬ 
nular  vessel ;  pv,  pitted  vessel ;  c,  cambium 
region ;  ph,  phloem ;  st,  sieve  tube ;  pe,  peri- 
cycle;  sc,  sclerenchyma ;  pp,  parenchyma; 
c,  cortex ;  ss,  starch  sheath ;  pc,  parenchyma 
of  cortex ;  co,  collenchyma ;  e,  epidermis 


Sclerenchyma.  Thick-walled  dead  cells  known  as  sclerenchyma 
are  found  in  the  cortex  of  some  stems.  There  are  two  varieties  of 
these  sclerenchyma  cells :  short  or  irregularly  shaped  cells,  known  as 
stone  cells,  and  sclerenchyma  fibers.  Sclerenchyma  fibers  are  long 
thiek^alled  dead  cells  (Fig.  131)  and  serve  as  strengthening  mate^ 
rial.  Stone  cells  give  stiffness  to  the  cortex  and,  when  they  form  a 
more  or  less  continuous  layer,  may  take  %  place  of  the  epidermis 
after  the  part  of  the  cortex  which  is  exterior  to  them  has  disappeared. 
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Stele  of  dicotyledonous  plants.  The  part  of  the  stem  inside  of 
the  cortex  is  known  as  the  stele  (Figs.  126-130).  This  consists  of 
three  general  regions.  In  the  center  is  the  pith,  composed  of  thin- 
walled  parenchyma  cells.  This  central  pith  is  surrounded  by  the 

vascular-bundle  region,  which  is  com- 


Fic.  131.  Sclerenchyma  fibers 
from  a  leaf  of  a  century  plant 
(Agave  cantula).  (  X  300) 


posed  of  vascular  bundles  separated  by 
radial  rows  of  parenchyma  cells  known 
as  pith  rays.  Outside  of  this  is  the 
pericycle. 

Pith.  In  a  dicotyledonous  plant  the 
center  of  the  stem  is  composed  of  thin- 
walled  parenchyma  cells  and  is  known 
as  the  pith  (Figs.  126,  129,  130).  The 
cells  of  the  pith  are  very  similar  to 
other  parenchyma  cells  and  have  the 
same  general  functions.  In  perennial 
plants  pith  is  frequently  a  transitory 
structure. 

Vascular  bundles.  Around  the  pith 
are  the  vascular  bundles,  which,  as 
seen  in  cross  section,  are  arranged  in 
the  general  form  of  a  broken  ring. 
Each  consists  of  three  parts  (Figs.  126- 
130).  That  nearest  the  center  of  the 
stem  contains  thick-walled  cells  and 
is  known  as  xylem.  The  peripheral 
portion  of  the  bundle  is  composed  of 
thin-walled  cells  called  phloem.  The 
xylem  and  phloem  are  separated  by  a 
cambium,  layer,  which  is  composed  of 
meristematic  cells.  By  division  the 
cambium  layer  increases  the  size  of 


^^^41es  by  forming  xylem  cells  on  the 
inner  side  and  phloem  cells  on  the  outer  side.  In  some  stems  the 
bundles  are  separate  and  run  the  length  of  the  internode.  In  others 
they  are  more  or  less  united  and  form  a  hollow  cylinder  in  which 
relating  plates  with  slight  vertical  extension 

(Fig.  165). 


The  Stem 


135 

■ 

Xylem.  The  xylem  which  is  formed  before  the  activity  of  the 
cambium  has  begun  to  produce  xylem  and  phloem  cells  is  called 
primary  xylem.  This  primary  xylem  is  composed  of  two  parts. 
The  xylem  formed  first  is  nearest  the  interior  of  the  stem  and  is 
called  protoxylem.  The  more  peripheral  part  of  the  primary  xylem 
is  known  as  metaxylem. 

Xylem  is  composed  of  three  different  types  of  cells :  namely, 
tracheary  cells,  which  include  tracheids  and  vessels;  wood  fibers] 
and  wood  parenchyma.  ^ 

Tracheary  elements.  The  tracheids  are  elongated  dead  cells, 
with  walls  that  are  thick  in  some  places  and  thin  in  others.  They 
serve  to  conduct  water,  or  both  as  water-conducting  and  as 
strengthening  cells.  The  thin  places  in  the  walls  allow  water  to 
pass  readily  from  cell  to  cell,  while  the  thickened  portions  protect 
the  cells  from  being  crushed  by  the  pressure  of  the  surrounding 
tissues.  As  the  tracheids  are  dead  cells  and  without  protoplasmic 
contents,  they  cannot  develop  turgidity,  and  so  if  the  walls  were 
uniformly  thin  the  pressure  of  the  neighboring  cells  would  cause 
them  to  collapse.  The  walls  of  the  tracheids  are  heavily  impreg¬ 
nated  with  lignin.  This  material  serves  to  strengthen  them  with¬ 
out  greatly  interfering  with  their  permeability. 

Vessels  are  composed  of  rows  of  tracheary  cells -the  cavities  of 
which  are  connected  by  the  total  or  partial  disappearance  of  the 
cross  walls.  The  diameter  of  vessels  is  usually  much  greater  than 
that  of  tracheids,  and,  as  they  form  long  tubes,  they  constitute  the 
principal  water-conducting  elements  of  the  dicotyledonous  stem. 

Tracheary  cells  may  be  divided  into  several  types  according  to 
the  method  by  which  the  walls  are  thickened  (Figs.  129,  130). 

tracheary  cells  have  thickenings  in  the  form  of  rings, 
while  spiral  tracheary  cells  have  spiral  thickenings.  Pitted  tra¬ 
cheary  cells  have  walls  which  are  uniformly  thickened  except  for 
thin  places  in  the  form  of  pits.  When  the  pits  are  long  and  narrow 
and  lie  horizontally  one  above  the  other,  the  tracheid  or  vessel  is 
said  to  be  scalariform,  owing  to  the  ladderlike  appearance  of  the 
thickenings. 

The  protoxylem  is  composed  largely  of  annular  and  spiral 
vessels  and  parenchyma,  while  the  tracheary  elements  of  the 
secondary  xylem  are  pitted.  Protoxylem  is  differentiated  while 
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the  stem  is  elongating,  and  so  the  spiral  and  annular  thickenings 
of  the  vessels  are  of  special  advantage,  as  they  allow  the  vessels 
to  be  stretched.  The  metaxylem  and  secondary  xyleiii  are  formed 
after  increase  in  length  has  ceased,  and  therefore  pitted  tracheary 
ceils  are  advantageous,  as  they  have  greater  strength  than  spiral 
and  annular  ones. 

Wood  fibers.  These  are  long,  slender,  pointed  dead  cells  with 
greatly  thickened  walls  and  only  comparatively  few  small  pits 
(Fig.  132).  They  serve  as  strengthening  cells.  Tracheids  that 

have  a  structure  approaching  that  of 
wood  fibers  are  called  fiber  tracheids. 
These  two  types  of  fibers  usually  make 
up  a  considerable  proportion  of  the 
wood  of  dicotyledonous  trees. 

Wood  parenchyma.  Parenchyma 
cells  in  the  xylem  are  designated  as 
wood  parenchyma.  They  serve  chiefly 
for/the  storage  of  food. 

"  Phloem.  The  primary  phloem  of 
the  dicotyledonous  stems  consists  of 
three  types  of  cells ;  sieve  tubes,  com¬ 
panion  cells,  and  phloem  parench3rma. 

Sieve  tubes.  The.  sieve  tubes  con¬ 
sist  of  thin-walled,  elongated  cells  ar¬ 
ranged  in  vertical  rows  (Figs.  129, 130) . 
The  adjacent  cells  of  a  sieve  tube  are  united  by  small  holes  in  the 
cross  walls  (Fig.  133).  Also,  sieve  tubes  have  rounded  places  on 
the  side  walls  which  are  pierced  by  small  holes  and  connect  one 
sieve  tube  with  another  or  with  a  companion  cell.  The  areas  on 
the  walls  of  sieve  tubes  which  contain  such  holes  are  called  sieve 
plates.  The  sieve  tubes  get  their  name  from  the  sievelike  appearance 
of  these  plates.  The  walls  of  the  sieve  tubes  are  lined  with  a  layer 
of  protoplasm,  but  mature  sieve  tubes  do  not  contain  any  nuclei. 

The  sieve  tubes  serve  primarily  for  the  conduction  of  food 
material.  The  holes  which  connect  the  cells  of  the  sieve  tubes 
make  these  tubes  especially  suited  to  the  conduction  of  protein. 

Companion  cells.  The  companion  cells  are  small  cells  which 
are  attached  to  the  sieve  tubes.  Each  companion  cell  is  the  sister 
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other  cell.  The  exact  function  of  the  companion  cells  is  more  or 
thp^  °  connected  by  sieve  plates  with 

apne^^h’  Protoplasm  but  no  nuclei,  it  would 

appear  that  the  nuclei  of  the  companion  cells  serve  as  nuclei  for 
e  sieve  tubes.  The  small  shaded  cells  in  the  phloem  in  Fia  128 

are  companion  cells.  lii  x' ig.  1^5 

Phloem  parenchyma.  The  phloem  contains  parenchyma  cells 
whose  structure  is  very  similar  in  i-hd  r^f  ^4-u  ceils 

These  are  known  as  fc  pa  parenchyma  cells, 

renchyma. 

Cambium.  While  the  other 
cells  of  the  stem  which  are 
formed  at  the  tip  are  being 
differentiated  into  permanent 
tissue)  a  single  layer  between 
the  xylem  and  phloem  remains 
undifferentiated  (Figs.  126-130). 

This  layer  of  meristematic  cells 
is  known  as  the  cambium.  The 
cambium  consists  of  a  single 
layer  of  cells  which,  by  division, 
gives  rise  to  xylem  cells  toward 
the  center  of  the  stem  and 
phloem  cells  toward  the  periph- 

activity  of  the  cambium  cells  thus  enlarges  the  size  of 
tne  bundles  and,  m  consequence,  that  of  the  stem.  This  process 
IS  known  as  secondary  thickening;  it  will  be  discussed  in  detail 
m  a  later  section. 

At  first  the  cambium  is  confined  to  the  bundles,  but  later  the 
parench^a  cells  of  the  pith  rays  which  lie  between  the  edges  of 
the  cambium  m  the  bundles  divide  and  form  a  layer  of  cambium 
which  reaches  across  the  pith  rays  and  connects  that  in  the  bundles 
^  that  the  cambium  becomes  a  continuous  cylinder  (Fk.  157)^ 
The  beginning  of  this  process  is  shown  in  Fig.  126. 

Pith  rays.  The  vascular  bundles  are  separated  from  each  other 
by  radial  rows  of  parenchyma  cells  (Figs.  126,  130)  known  as  pith 
rays.  The  pith-ray  cells  are  usually  elongated  in  a  radial  direction. 


Fig.  133.  A  sieve  plate  of  a  squash 
stem  iCucurbita  maxima)  pierced  by 
holes;  walls  of  sieve  tube;  and  sur¬ 
rounding  ceils.  (  X  110) 
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They  serve  primarily  for  the  conduction  of  food  and  water  radially 
in  the  stem  and  for  the  storage  of  food.  Food  material  which  is 
stored  in  the  wood  parenchyma  is  conducted  to  these  cells  by  the 
pith  rays.  The  pith  rays  also  serve  for  the  conduction  of  water 
from  the  xylem  toward  the  other  parts  of  the  stem.  If  a  pith  ray 
from  an  old  stem  is  stained  with  iodine,  it  will  usually  be  found 

to  contain  numerous 
starch  grains.^ 

Pericycle.  The  re¬ 
gion  between  the^vas-^ 
cular  bundles  ^aiidLthe 
cortex  is  known  as  the 
pericycle.  It  is  ordi- 
naril3rcoraposed  of  pa¬ 
renchyma  and  scleren- 
chyma  cells,  but  the 
sclerenchyma  cells  may 
be  absent.  The  scle¬ 
renchyma  may  occur 
as  separate  patches 
(Figs.  128,  130)  or  as 
a  continuous  ring  in 
the  outer  part  of  the 
pericycle  (Fig.  126), 
forming  a  sharp  line 
of  demarcation  be¬ 
tween  the  stele  and 
the  cortex.  The  scle- 


Fic.  134.  Cross  section  of  a  bicollateral  bundle  of 
a  squash  stem,  showing  phloem  on  both  sides  of 
the  xylem.  (  X  95) 

pfe,  phloem ;  c,  cambium  region ,  x,  xylem  vessel 


renchyma  cells  in  the 

pericycle  are  like  other  sclerenchyma  cells  (Fig.  131)  in  being  long, 
thick-walled  dead  cells  which  serve  as  strengthening  material. 

Variations  in  stem  structure.  The  above  description  of  the 
structure  of  stems  applies  to  the  great  majority  of  dicotyledonous 

‘  The  term  wood  ray  is  proposed  in  place  of  pith  ray  by  some  modern  anato¬ 
mists,  on  the  ground  that  these  rays  do  not  belong  to  the  pith,  but  that  the  parts 
of  the  rays  between  the  primary  xylem  represent  tracheids  which  have  been  trans¬ 
formed  into  parenchyma  cells.  Owing  to  the  widespread  use  of  the  term  pith  ray  in 
literature  it  seems  convenient  to  retain  it,  even  though  from  the  standpoint  of 
origin  it  may  be  inappropriate. 


plants,  but  there  are  a  few  which  show  minor  variations.  If  these 
few  exceptional  cases  are  left  out  of  consideration,  the  general 
structure  of  dicotyledonous  stems  is  remarkably  uniform.  The 
relative  development  of  the  various  parts,  however,  varies  greatly 
in  different  species.  In  some  cases  the  pith  is  wide,  while  in 
others  it  is  narrow.  It  may  be  wide  and  transitory  and  its  early 


Fig.  135.  Successive  stages  in  the  formation  of  a  resin  duct  in  pine.  (  X  250) 


disappearance  result  in  a  hollow  stem.  The  vascular  bundles  vary 
considerably  in  number  and  size,  while  the  pith  rays  and  cortex 
vary  in  width.  Thus,  while  there  is  a  remarkable  uniformity  in 
the  general  plan  of  the  dicotyledonous  stem,  there  are  at  the  same 
time  considerable  differences  in  detail. 

Bundles  which  have  the  phloem  only  on  the  outside  of  the  xylem 
are  called  collateral  bundles.  The  bundles  of  some  plants  have 
phloem  on  both  the  outside  and  the  inside  of  the  xylem  (Fig.  134) 
and  are  known  as  hicollateral  bundles. 
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Fig.  .136.  Longitudinal  section  of  oil  gland  in  orange  peel.  (  X  450) 


Resin  ducts.  Many  plants  contain  intercellular  passages  filled 
with  resinous  substances  and  known  as  resin  ducts.  They  are 
formed  either  by  the  separation  of  neighboring  cells  (Fig.  135) 
or  by  the  disintegration  of  cells.  Turpentine  is  obtained  by  cutting 
through  the  resin  ducts  of  pine  trees,  after  which  the  turpentine 
exudes  and  is  collected.  Various  kinds  of  varnish  and  other  resins 
are  obtained  by  the  same  method  from  other  trees. 

Resin  ducts  are,  essentially,  long  passages  surrounded  by  glan¬ 
dular  cells.  They  occur  not  only  in  stems  but  also  in  other  parts 
of  plants. 


Fig.  137.  Latex  tube  of  poin- 
settia  {.Euphorbia  pulcher- 
rima) .  (  X  125) 


Fig.  138.  Network  of  latex  tubes  of  a  rubber 
tree  (Manihot  glaziovii) 


Fig.  139.  Staps  in  formation  of  latex  tube  in  Achras  sapota,  the  tree  that  yields 
the  gUm  which  is  the  basis  of  chewing  gum  (see  Fig.  357).  (After  Karling) 
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Internal  glands.  Resin  canals  are  one  type  of  internal  gland 
of  which  a  number  of  other  forms  occur  in  various  plant  organs. 
Internal  glands  frequently  contain  essential  oils.  These  oils  are 
volatile  and  are  usually  very  odoriferous.  Well-known  examples 

are  eucalyptus  oil  and  the  oil  from 
orange  peel.  The  latter  occurs  in 
large  oval  glands.  These  glands  orig¬ 
inate  in  the  splitting  apart  of  certain 
cells,  but  are  formed  largely  by  the 
breaking  down  of  cells  containing 
the  oil.  The  disintegration  of  the 
cells  brings  the  oil  into  the  large 
cavity  of  the  gland  (Fig.  136). 

Latex  tubes.  Milky  juice  (latex) 
is  found  in  long  branching  tubes 
known  as  latex  tubes  (Fig.  137), 
In  many  cases  neighboring  tubes 
become  connected,  thus  forming  a 
network  (Fig.  138).  When  these 
tubes  are  cut,  the  latex  exudes  as  a 
milky-looking  watery  juice,  gener¬ 
ally  white.  Rubber,  gutta-percha, 
opium,  gum  chicle  (the  chief  base  of 
chewing  gum),  and  other  valuable 
substances  are  derived  from  coagu¬ 
lated  latex.  The  tapping  of  rubber 
trees  consists  in  cutting  the  tubes 
and  allowing  the  latex  to  exude. 

Latex  tubes  are  formed  in  two 
very  different  ways.  In  some  cases 
rows  of  cells  lose  their  cross  walls 
and  become  transformed  into  latex  tubes  (Fig.  139) ;  as  in  Para 
rubber  {Hevea  hrasiliensis) .  In  other  cases  the  tubes  are  not  part 
of  the  tissues  produced  from  either  the  apex  of  the  stem  or  the 
cambium,  but  result  from  the  growth  of  tubes  found  in  the  seed¬ 
ling  (Fig.  140).  As  the  stem  grows  in  length,  or  as  other  organs 
are  formed,  these  latex  tubes  also  grow  and  push  their  way  be¬ 
tween  the  cells  of  the  newly  formed  tissues. 


Fig.  140.  Growth  of  latex  tubes  in 
developing  embryo  of  Euphorbia 
exigua.  Ail  sections  are  longi¬ 
tudinal  except  the  lower  left, 
which  is  a  cross  section.  (After 
Chauveaud) 


The  Stem  143 

Summary  of  Principal  Tissues  in  a  Dicotyledonous  Stem 

Epidermis 
Epidermal  cells 
Guard  ceils 
Trichomes 
Cortex 
Collenchyma 
Parenchyma 
.  Starch  sheath 
Stele 
Pericycle 
Parenchyma 
Sclerenchyma 
Pith  rays 
Parenchyma 
Pith  . 

Parenchyma 
Vascular  bundles 
Phloem 
Sieve  tubes 
Companion  cells 
Phloem  parenchyma 
Cambium 
Meristematic  cells 
Xylem 

Tracheary  cells 
Vessels  ( Spiral 
and  ^  Annular 
Tracheids  [Pitted 
Wood  fibers 
Wood  parenchyma 


ANATOMY  OF  MONOCOTYLEDONOUS  STEMS 

Monocotyledonous  stems  are  similar  to  dicotyledonous  stems 
in  having  an  epidermis,  a  cortex,  and  a  stele.  The  cortex  may  be 
well  developed  and  sharply  marked  off  from  the  stele,  or  it  may 
be  very  narrow  and  inconspicuous  (Fig.  141).  It  is  in  the  structure 
and  arrangement  of  the  bundles  that  monocotyledonous  stems 
differ  markedly  from  dicotyledonous  stems. 
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Stele.  The  vascular  bundles  of  monocotyledonous  stems,  in¬ 
stead  of  being  arranged  in  a  cylinder  as  in  dicotyledonous  stems, 
are  usually  scattered  throughout  the  stele,  including  the  pith,  so 
that  there  is  no  distinction  between  pith  and  pith  rays  tFigs.  141, 


Fig.  141.  Cross  section  of  a  monocotyledonous  stem,  Zea  mays.  The  dark  oval 
areas  are  cross  sections  of  vascular  bundles.  The  cortex  is  a  thin  layer  com* 
posed  of  one  or  two  layers  of  cells  between  the  epidermis  and  the  outermost 
series  of  vascular  bundles 

142).  Sometimes  the  center  of  the  stele  is  free  from  vascular 
bundles  and  is  occupied  by  parenchyma  cells,  which  dry  up  and 
disappear  at  an  early  stage,  resulting  in  a  hollow  stem,  as  in  most 
grasses,  including  most  bamboos. 

Vascular  bundles.  The  vascular  bundles  of  monocotyledonous 
stems  are  like  those  of  dicotyledonous  stems  in  consisting  of  xylem 
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toward  the  center  of 
the  stele  and  phloem 
toward  the  periphery. 
They  differ,  however, 
in  not  having  a  cam¬ 
bium  layer,  such  as 
is  found  in  dicotyle¬ 
dons  (Fig.  143).  This 
is  connected  with  the 
fact  that  monocotyle¬ 
dons  usually  do  not 
have  secondary  thick¬ 
ening.  Each  bundle  is 
generally  more  or  less 
completely  surrounded 
by  a  sheath  of  scleren- 
chyma  cells,  the  bun¬ 
dle  sheath  (Figs.  143, 
144),  which  is  particu¬ 
larly  well  developed 
on  the  sides  toward 
the  center  and  toward 
the  periphery  of  the 
stem.  The  phloem 
is  made  up  mostly  of 
sieve  tubes  and  com¬ 
panion  cells,  and  the 
xylem  of  vessels  and 
wood  parenchyma. 

The  strands  of  scle- 
renchyma  around  the 
bundles  of  some  plants 
are  extracted  and  used 
in  various  ways  as  fibers. 
Maguey  and  sisal  fibers 
are  the  strands  of  scle- 
renchyma  around  the 
bundles  of  the  leaves  of 


Fig.  142.  Vascular  bundles  dissected  out  of  an 
internode  of  sugar  cane.  (  X 


Fig.  143.  Cross  section  of  a  vascular  bundle  o£ 
sugar  cane  (Saccharum  officinarum) 


p,  parenchyma ;  s,  sclerenchyma  of  bundle  sheath 
a,  air  space ;  nv,  annular  vessel ;  sv,  spiral  vessel 
p»,  pitted  vessel;  st,  sieve  tube;  sp,  sieve  plate 
c,  companion  cell,  (x  185) 
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species  of  Agave  (Fig.  131),  while  abaca  (Manila  hemp)  is  composed  of 
similar  strands  from  the  leaf  bases  of  Musa  texiilis,  a  plant  which  is  almost 
identical  with  the  banana  in  appearance. 

The  arrangement  of  the  different  elements  in  the  bundles  of  corn  and 
sugar  cane  is  characteristic  of  many  monocotyledonous  bundles  (Figs, 
143,  144).  In  these  cases  the  bundles  are  surrounded  by  a  sclerenchyma 
sheath  which  is  widest  on  the  sides  toward  the  center  and  toward  the 


Fig.  144.  Longitudinal  section  through  a  vascular  bundle  of  sugar  cane 
iSaccharum  officinarum) 

p,  parenchyma ;  s,  sclerenchyma  of  bundle  sheath ;  a,  air  space ;  av,  annidar 
vessel;  sv,  spiral  vessel;  st,  sieve  tube,  (x  150) 

periphery  of  the  stem.  On  the  side  near  the  interior  of  the  stem,  just 
within  the  bundle  sheath,  there  is  usually  a  conspicuous  air  space.  Next 
to  this  there  are  frequently  two  elements  of  the  protoxylem;  the  first 
is  an  annular  vessel  and  the  second  is  a  spiral  vessel.  On  both  the  right 
and  the  left  side  of  the  bundle  is  found  a  large  vessel  which  is  pitted  or 
narrowly  reticulate.  Between  the  larger  vessels  are  smaller,  tracheary 
elements.  The  phloem  is  next  to  the  peripheral  part  of  the  bundle  sheath 
and  contains  conspicuous  sieve  tubes  and  companion  cells. 

The  number  of  vessels  varies  in  monocotyledonous  bundles.  In  many 
cases  there  is  only  one  large  vessel,  instead  of  two  as  in  corn  and  sugar  cane. 


COURSE  OF  BUNDLES  IN  STEMS 

A  bundle  extends  up  the  stem  and  then  passes  out  into  a  leaf. 
The  bundles  from  leaves  in  the  upper  part  of  the  stem  enter  the 
stem,  pass  down,  and  at  a  lower  node  join  with  other  bundles.  In 
this  way  the  vascular  elements  in  the  stem  become  connected  with 
new  leaves.  At  the  nodes  bundles  branch 
and  branches  of  different  bundles  coalesce 
(Fig.  145). 

'Inatomy  of  coniferous  stems 

In  coniferous  stems  the  general  arrange¬ 
ment  of  the  various  tissues  is  very  similar 
to  that  in  dicotyledonous  stems.  The  same 
type  of  secondary  thickening  occurs  in  both 
kinds  of  stems.  The  most  conspicuous  dif¬ 
ferences  are  that  the  xylem  of  conifers  con¬ 
tains  only  tracheids  and  wood  parenchyma, 
and  that  companion  cells  are  not  found  in 
the  phloem. 

Since  the  xylem  of  conifers  does  not  con¬ 
tain  fibers  or  vessels  (Fig.  146),  the  tracheids 
serve  both  as  water-conducting  and  as  strength¬ 
ening  elements.  Tracheids  are  not  so  well 
fitted  for  conducting  water  as  are  vessels,  aematis  verticellaris 
The  small  size  and  xerophytio  structure  of  Modified  after  Nagall 
coniferous  leaves  (Fig.  991)  probably  have 
some  connection  with  the  absence  of  vessels  in  coniferous  stems. 
Most  coniferous  trees  (Figs.  990,  995,  260)  retain  their  leaves  for 
several  years  —  in  temperate  countries  throughout  the  long,  cold 
winter,  when  the  dicotyledonous  trees  lose  their  leaves.  In  the 
discussion  of  leaves  it  was  pointed  out  that  the  loss  of  leaves  by 
deciduous  trees  is  a  method  of  restricting  the  rate  of  transpira¬ 
tion  at  times  when  the  roots  are  not  able  to  absorb  enough  water 
to  replace  that  which  would  be  lost  by  the  foliage.  The  deciduous 
tree  without  its  leaves  is  one  of  the  most  perfectly  protected  of 
plant  structures,  since  all  the  exposed  portions  are  effectively 


bundles  in  stem  of 
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covered  by  the  impervious  bud  scales  and  bark.  The  low  rate  of 
transpiration  from  coniferous  leaves  is  probably  connected  with 
the  ability  of  these  trees  to  retain  their  foliage  throughout  the 
cold  winter.  At  such  times  coniferous  trees  have  some  advan¬ 
tage  over  dicotyledonous 


Fig.  146.  Cross  section  of  a  small  portion 
of  the  wood  of  a  redwood  tree,  showing 
xylem  on  both  sides  of  a  pith  ray 

The  small  cells  in  the  lower  part  of  the 
drawing  are  the  last  of  the  wood  cells 
formed  during  a  summer,  while  the  large 
cells  above  them  are  the  first  xylem  cells 
formed  during  the  next  spring.  The  fact 
that  much  larger  cells  are,  formed  in  the 
spring  than  later  in  the  summer  results  in 
the  marking  of  the  wood  by  annual  rings 
of  growth.  (X  275) 


ones  in  that  they  can  carry- 
on  photosynthesis.  Tn  the 
tropics  conifers  very  rarely 
occur  at  low  elevations, 
while  they  flourish  in  high 
mountainous  regions  where 
the  rate  of  evaporation  is 
always  low. 

ARRANGEMENT  'OF  ME¬ 
CHANICAL  TISSUES 

Mechanical  tissues.  The 
plant  body  obtains  strength 
from  three  general  types 
of  cells : 

1.  Parenchyma  cells,  whose 
rigidity  is  due  almost  en¬ 
tirely  to  osmotic  pressure. 
Parenchyma  tissue  is  weak 
and  so  must  be  present  in 
considerable  bulk  in  order 
to  give  any  great  amount 
of  strength. 

2.  Collenchyma  cells,  which 
are  living  cells  and  have 
their  walls  thickened  at  the 


angles  where  three  or  four 
cells  meet  (Fig.  27).  These  cells  get  their  rigidity  from  the  thick¬ 
ened  walls  as  well  as  from  turgor,  and  are  therefore  much  better 
strengthening  material  than  are  parenchyma  cells.  As  they  are 
living  cells  whose  walls  can  be  stretched,  they  are  especially  fitted 
for  strengthening  the  growing  portions  of  a  plant. 
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3.  Thick-walled  dead  cells  (Figs.  131,  132),  including  the  scleren- 
chyma  of  the  cortex  and  pericycle  and  the  wood  fibers.  The  wood 
fibers  are  elongated  dead  cells  with  very  thick  walls.  Sclerenchyma 
cells  are  stronger  than  parenchyma  or  collenchyma  cells,  and  are 
the  principal  strengthening  material  of  old  stems.  As  they  are 
dead  cells  with  very  thick  walls,  they  are  not  suited  to  give  strength 
to  growing  parts.  Thick-walled  tracheids  may  be  very  similar  to 
sclerenchyma  in  their  mechanical  property. 

Girders.  The  arrangement  of  the  strengthening  material  is 
different  in  leaves,  in  stems,  and  in  roots,  and  is  suited  to  the 
special  stresses  which  these 
various  organs  have  to 
withstand.  In  order  to 
understand  this  arrange¬ 
ment  it  will  be  convenient 
to  consider  the  stresses 
occurring  in  a  girder,  or 
beam.  If  a  beam  of  wood 
or  other,  material  is  sup¬ 
ported  at  both  ends  and 
is  weighted  in  the  mid¬ 
dle,  the  uppet  surface  will 
be  subjected  to  compres¬ 
sion  and  the  lower  surface 
to  tension,  or  stretching. 

Going  from  the  upper  surface  to  the  lower,  we  find  that  the  com¬ 
pression  decreases  as  the  center  is  approached  and  at  the  center 
it  becomes  zero.  The  stress  is  then  changed  to  tension,  which 
gradually  increases  toward  the  lower  surface.  It  will  thus  be  seen 
that  the  greatest  stresses  in  a  beam  are  at  the  upper  and  lower 
surfaces  and  the  least  stress  is  in  the  center.  For  this  reason  it  is 
usual  to  construct  a  beam  in  such  a  manner  that  it  is  more  mas¬ 
sive  or  composed  of  stronger  material  at  the  upper  and  lower  sur¬ 
faces  than  in  the  center.  A  usual  form  is  the  I-beam  (Fig.  147) .  In 
this  case  the  material  is  expanded  at  the  upper  and  lower  surfaces 
and  connected  by  a  much  narrower  portion.  The  extensions  at  the 
surfaces  are  called  flanges.  In  bridge  construction  the  connecting 
portion,  known  as  the  weh,  is  frequently  made  of  latticework. 


The  wide  portions  at  the  top  and  bottom  are 
the  flanges ;  the  narrow  connection  is  the  web 
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Mechanical  tissues  in  leaves.  In  a  leaf  we  have  different  con¬ 
ditions  from  those  just  discussed,  in  that  the  leaf  is  supported  at 
only  one  end.  The  weight  of  the  leaf  gives  it  a  tendency  to  bend 

downward  so  that  its  upper  surface 
is  stretched,  or  under  tension,  while 
its  lower  surface  is  under  compres¬ 
sion.  As  in  the  other  case,  the  great¬ 
est  stresses  are  at  the  upper  and 
lower  surfaces  and  the  least  stress 
is  in  the  center.  This  arrangement, 
therefore,  calls  for  longitudinal  gird¬ 
ers  in  which  the  strongest  material 
is  near  the  outer  surfaces.  The  mid¬ 
rib  and  larger  veins  of  the  leaf  rep¬ 
resent  the  girders.  The  principal 
strengthening  material  in  these  is 
usually  collenchyma,  and  this  is  gen¬ 
erally  found  as  a  broad  band  near  the 
upper  and  lower  surfaces  just  within  the  epidermis  (Fig.  26).  The 
collenchyma,  therefore,  represents  the  flanges  of  an  I-beam,  while 
the  tissues  between  the  two  bands  of 
collenchyma  represent  the  web.  The 
larger  veins  of  grasses  usually  have 
sclerenchyma  near  the  upper  and  lower 
surfaces,  and  so  act  as  girders  (Fig.  33). 

Mechanical  tissues  in  stems.  If  a 
column,  such  as  a  tree  trunk,  were  sup¬ 
porting  an  evenly  distributed  weight, 
the  manner  in  which  the  strengthen¬ 
ing  material  was  arranged  would,  the¬ 
oretically,  make  comparatively  little 
difference.  The  only  stress  would  be  a 
downward  pressure,  or  compression, 
the  resistance  to  which  would  depend 
more  on  the  cross-sectional  area  than  on  the  arrangement  of  the 
strengthening  material.  Actually,  however,  such  a  condition  is  sel¬ 
dom  attained.  When  in  addition  to  the  vertical  pressure  of  grav¬ 
ity  there  is  a  sidewise  pressure,  as  that  of  wind  or  of  an  animal. 


Fic.  149.  Diagram  showing  ar¬ 
rangement  of  vascular  bundles 
and  collenchyma  (dotted  area) 
in  a  four-cornered  stem 


Fig.  148.  Diagram  of  cross  sec¬ 
tion  of  a  compound  girder  com¬ 
posed  of  I-beams,  the  webs  of 
which  have  a  common  center 
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the  side  toward  the  pressure  tends  to  become  stretched,  or  de¬ 
velops  tension,  and  the  opposite  side  is  subjected  to  compression. 

So  too  when  the  stem  of  a  plant 
becomes  inclined,  as  by  the  action 
of  the  wind  or  by  the  weight  of 
the  branches,  the  side  that  is 
uppermost  is  under  tension  and 
the  lower  side  under  compres¬ 
sion.  It  therefore  becomes  im¬ 
portant  to  have  the  strengthen¬ 
ing  material  distributed  near  the 
upper  and  lower  surfaces,  or,  in 
other  words,  in  the  form  of  an 
I-beam.  As  the  plant  is  likely  to 
bend  in  any  direction,  however, 
collenchyma  in  a  four-cornered  stem  ^-lld  thus  may  develop  stress  On 

any  side,  it  is  advantageous  to 
have  a  number  of  these  girders,  with  the  webs  crossing  each 
other  and  the  center  of  each  at  the  center  of  the  stem  (Fig.  148). 
In  the  four-cornered  stems  of  such 
plants  as  the  mints  or  coleus  the 
comers  are  occupied  by  a  conspicu¬ 
ous  development  of  coHenchyma 
(Figs.  149,  150),  which  thus  forms 
the  flanges  of  two  I-beams,  the  webs 
of  which  are  crossed.  The  large 
vascular  bundles  are  near  the  cor¬ 
ners,  so  that  the  phloem  is  protected 
by  being  between  the  xylem  and  the 
collenchyma,  In  many  plants  there 
are  strands  of  sclerenchyma  outside 
of  each  vascular  bundle  (Fig.  151), 
and  in  such  cases  two  strands  on 
opposite  sides  of  the  stem  represent 
the  flanges  of  an  I-beam.  This  scle¬ 
renchyma  which  is  near  a  bundle  not 
only  serves  as  one  of  the  flanges  of  an  I-beam  but  also  is  in  a 
position  to  protect  the  delicate  elements  of  the  phloem.  When 


Fic.  151.  Diagram  of  a  dicoty¬ 
ledonous  stem,  showing  scle¬ 
renchyma  (hatched  areas)  just 
outside  of  each  bundle,  and  col¬ 
lenchyma  (dotted  area)  form¬ 
ing  a  hollow  Cylinder  within  the 
epidermis 
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the  edges  of  the  flanges  of  such  a  compound  girder  as  that  shown 
in  Fig.  148  are  connected,  there  is  no  necessity  for  the  w^ebs ;  and 
if  they  are  absent,  a  hollow  cylinder  results.  This  type  of  construc¬ 
tion  is  very  frequently  found  in  plants  and  is  particularly  evident 
in  hollow  sterns,  such  as  those  of  most  grasses.  In  many  plants 
the  sclerenchyma  is  arranged  in  the  form  of  ^a  hollow  cylinder 
(Figs.  126, 153) .  Such  hollow  cylinders  are,  as  a  rule,  near  the  outer 

surface  of  the  stem.  The  strengthen¬ 
ing  material  of  the  growing  part  of 
a  stem  is  usually  collenchyma,  and 
this  is  generally  arranged  in  the  form 
of  a  hollow  cylinder  just  within  the 
epidermis  (Figs.  151,  152,  153). 

The  foregoing  discussion  of  the 
arrangement  of  the  strengthening 
material  in  the  stem  applies  particu¬ 
larly  to  herbaceous  and  young  stems 
In  the  case  of  trees  the  development 
of  a  massive  column  of  wood  takes 
the  place  of  the  strengthening  mate¬ 
rial  that  was  used  in  the  young  stem. 
Tissue  tensions.  The  location  of 


Fig.  152.  Diagram  showing  ar¬ 
rangement  of  collenchyma  (c), 
forming  a  hollow  cylinder  at 
the  periphery  of  the  stem,  and 
of  sclerenchyma  is),  exterior 
to  each  vascular  bundle  and 
forming  an  interrupted  cylin¬ 
der.  (Compare  with  Fig.  149) 


thick-walled  mechanical  cells  near 
the  periphery  of  an  organ  with  thin- 
wmlled  parenchyma  cells  in  the  cen¬ 
ter  gives  rigidity  in  another  manner 
besides  that  just  considered.  Thick- 
walled  cells,  particularly  dead  scle¬ 
renchyma  cells,  offer  considerable 


resistance  to  any  tendency  to  stretch  them.  On  the  other  hand, 
thin-walled  parenchyma  cells  tend  to  stretch,  owing  to  their  tur- 
gidity.  The  stretching  of  the  parenchyma  is,  however,  checked 
by  the  strong,  thick-walled  cells,  which  are  themselves  under 


tension  owing  to  the  tendency  of  the  parenchyma  to  stretch 
them.  These  two  strains,  working  against  each  other,  produce 
rigidity  in  somewhat  the  same  way  as  in  a  turgid  cell,  in  which 
the  contents,  which  have  a  tendency  to  swell,  are  compressed 
by  the  stretched  cell  wall,  or  as  in  a  rubber  tube  when  air  or  water 
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is  compressed  within  the  tube.  .The  compression  of  inner  by  outer 
tissues  can  very  easily  be  demonstrated  with  stems  or  petioles  of 

many  herbaceous  plants.  Fig.  154 
shows  a  piece  of  a  large  petiole 
which  was  cut  off  evenly  at  both 
ends,  after  which  the  outer  and 
inner  parts  were  separated  at  the 
upper  end  by  a  cylindrical  cut. 
The  central  portion,  which  was 
under  compression,  being  freed 
from  the  outer  part,  elongated  and 
so  projected  beyond  the  latter, 
which  contracted  slightly. 

Mechanical  tissues  in  mono- 
cotyledonous  stems.  In  many 
monocotyledonous  plants  the  ar¬ 
rangement  of  the  strengthening 
material  is  very  similar  in  princi¬ 
ple  to  the  reinforcing  of  concrete 
in  a  concrete 
structure.  The 
concrete  with¬ 
stands  com- 


Fig.  153.  Diagram  showing  ar¬ 
rangement  of  collenchyma  (c), 
forming  a  hollow  cylinder  at 
the  periphery  of  the  stem,  and 
sclerenchyma  (s),  forming  one 
exterior  to  the  bundles.  (Com¬ 
pare  with  Fig.  151) 


pression,  while  the  iron  rods  withstand  the 
tension  due  to  movement  etc.  In  monocoty¬ 
ledonous  plants  the  parenchyma  withstands 
the  compression,  while  the  sclerenchyma 
strands,  which  are  connected  with  the  vascu¬ 
lar  bundles,  withstand  the  tension  (Fig.  141). 

A  very  excellent  example  of  this  is  abaca,  or 
Manila  hemp.  This  plant,  wdiose  appearance 
and  structure  are  almost  identical  with  those 
of  the  banana  (Figs.  91,  92),  has  a  massive 
trunklike  portion  composed  largely  of  the 
soft  tissues  of  the  leaf  bases,  through  which 
run  the  long  sclerenchyma  strands  that  are  the  abaca  of  commerce. 
The  sclerenchyma  can  withstand  considerable  tension,  while  the 
massive  development  of  parenchyma  withstands  the  compression. 


Fig.  154.  Denionstra- 
tion  of  tissue  tension 
in  a  petiole  of  ele- 
pliant’s-ear  {Alocasia 
indica) .  (  X  f ) 
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Mechanical  tissues  in  roots.  The  roots  of  a  plant  serve  to 
anchor  it  in  the  ground.  They  act  like  cables,  and  the  principal 
stress  to  which  they  are  subjected  is  longitudinal  tension,  or  pull. 
It  is  evident  that  when  a  plant  is  blown  by  the  wind  the  roots  on 
the  side  from  which  the  wind  is  coming  are  subjected  to  longi¬ 
tudinal  tension,  and  if  they  are  not  strong  enough  to  withstand 
this  they  break  and  the  plant  is  blown  over.  The  best  arrange¬ 
ment  of  material  to  withstand  this  type  of  stress  is  in  the  form  of  a 
cord.  In  roots  the  vascular  bundles  and  strengthening  materials 
are  usually -much  more  centrally  located  than  they  are  in  the  stem, 
the  center  being  frequently  occupied  by  thick-walled  elements. 
Compare  Figs.  126  and  225. 

MOVEMENT  OF  MATERIALS  IN  STEMS 

Food  materials.  Proteins  dissolved  in  water  travel  in  the  sieve 
tubes.  The  direction  of  the  movement  may  be  either  up  or  down, 
according  to  where  the  protein  is  to  be  used  or  stored. 

The  carbohydrates  travel  in  the  phloem.  What  has  been  said 
of  the  direction  of  movement  of  proteins  applies  also  to  the  car¬ 
bohydrates.  The  carbohydrates  move  from  cell  to  cell  only  when 
they  are  in  solution  in  water. 

Carbohydrates  in  vessels.  While  carbohydrates  usually  move 
in  the  phloem,  they  are  frequently  found  in  considerable  quan¬ 
tities  in  the  vessels  when  food  material  is  being  transported  on  a 
large  scale  from  storage  regions  to  rapidly  growing  organs,  as  in 
deciduous  trees  at  the  beginning  of  the  period  of  growth,  when  the 
leaves  are  expanding.  In  such  cases  the  carbohydrates  diffuse  from 
the  parenchyma  into  the  vessels  and  are  carried  upward  to  the 
expanding  foliage  or  inflorescences.  This  is  conspicuously  true  of 
the  sugar  maple,  and  explains  why  a  solution  of  sugar  is  obtained 
from  this  tree  by  boring  into  the  wood  in  the  spring.  A  similar 
phenomenon  is  observed  in  the  exudation  of  sweet  sap  from  tapped 
inflorescence  stalks  of  palms,  such  as  the  coconut  (Figs.  155, 156). 
Such  sap  is  frequently  used  for  manufacturing  alcohol  or  sugar. 

Water.  The  movement  of  water  upward  in  the  stem  takes  place 
in  the  vessels.  This  can  be  very  clearly  shown  by  cutting  off  a 
stem  and  placing  the  lower  end  in  a  colored  solution.  If  the  stem 


Fic.  155.  Coconut  palm  with  inflorescences  cut  and  bound  to  be  inserted  in 
bamboo  joint  for  collecting  sweet  sap 


Fig.  156.  Coconut  palm  with  bamboo  tubes,  for  collecting  sweet  sap,  attached 
to  inflorescence  stalks 
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is  cut  across,  it  will  be  found,  after  sufficient  time  has  elapsed,  that 
the  colored  solution  is  inside  the  vessels.  Water  enters  the  outer 
cells  of  the  roots,  passes  through  the  cortex  into  the  stele,  and 
enters  the  vessels.  It  then  passes  through  the  vessels  of  the  root 
to  those  of  the  stem,  and  through  these  to  the  leaves,  flowers,  and 
fruits.  The  loss  of  water  by  transpiration  from  the  chlorenchyma 
cells  tends  to  increase  the  concentration  of  the  contents  of  these 
cells.  By  osmosis  and  hydration  of  colloids  the  chlorenchyma  cells 
draw  water  from  the  vessels,  and  so  replace  that  which  is  lost 
through  transpiration. 


The  mechanism  by  which  the  water  moves  up  the  vessels  is  in  dispute. 
In  the  case  of  plants  which  reach  great  heights,  in  some  cases  one  hundred 
meters  or  more,  the  source  or  application  of  energy  to  lift  the  water  is  one 
of  the  great  puzzles  to  plant  physiologists. 

The  ultimate  source  of  energy  may  be  sought  in  the  radiant  energy 
from  the  sun  which  is  absorbed  by  the  leaves  and  used  to  evaporate  the 
water  lost  in  transpiration.  The  energy  u.sed  in  evaporating  the  water  is 
a  great  deal  more  than  that  called  for  to  lift  the  water  to  the  tops  of  the 
tallest  trees.  There  is  therefore  no  real  puzzle  as  to  the  source  of  energy. 
The  water  is  evaporated  from  the  cells  of  the  chlorenchyma  into  the  inter¬ 
cellular  spaces  of  the  leaf.  The  chlorenchyma  cells  replace  the  water  as 
it  is  evaporated  by  withdrawing  water  from  the  xylem  of  the  veins  and 
veinlets  of  the  leaf.  The  energy  to  withdraw  the  water  from  the  veins 
and  veinlets  is  provided  by  the  osmotic  pressure  existent  in  the  chloren¬ 
chyma  cells  and  increa.sed  by  the  evaporation  of  water  in  transpiration. 
As  a  matter  of  fact  the  pressures  in  these  cells  are  in  excess  of  that  re¬ 
quired  to  explain  the  height  to  which  the  water  is  lifted.  The  more  signifi¬ 
cant  and  applicable  fact  is  that  the  o.smotic  tensions  are  many  times 
sufficient  to  withdraw  water  against  any  tension  under  which  it  is  demon¬ 
strably  present  in  the  veins  and  veinlets. 

It  will  suffice  here  to  mention  briefly  theories  which  have  been  pro¬ 
posed  to  account  for  the  rise  of  water  in  tall  trees. 

Root  pressure.  When  plants  are  not  actively  transpiring  and  the  stem 
is  cut  off  near  the  root,  water  may  exude  from  the  cut  stump.  This  water 
is  forced  out  by  turgor  pressure  in  the  root.  However,  when  plants  are 
transpiring  actively  there  is  no  such  exudation  of  water  and,  in  fact,  if 
water  is  placed  on  the  cut  stump  of  the  tree  it  will  enter  the  vessels. 
Root  pressure  may  influence  the  upward  movement  of  materials  in  a 
leafless  stem  in  spring  m  temperate  countries.  Root  pressure  cannot,  how¬ 
ever,  be  invoked  as  an  explanation  of  the  movement  of  the  transpiration 
stream,  as  it  is  not  operative  in  the  stem  when  transpiration  is  most  active. 
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Capillarity.  In  fine  tubes  water  will  rise  by  surface  terision  to  heights 
which  depend  upon  the  fineness  of  the  tube.  The  vessels  of  plants  are 
very  fine  tubes ;  not,  however,  fine  enough  so  that  the  recognized  physics 
of  capillarity  as  applied  to  this  problem  seem  to  suffice  to  account  for  the 
lifting  of  water  to  any  considerable  fraction  of  the  height  to  which  it  does 
ascend. 

Atmospheric  pressure.  As  water  is  lost  by  the  leaf,  the  leaf  by  means 
of  osmotic  pressure  draws  water  from  the  vessels,  and  so  there  is  a  tend¬ 
ency  to  produce  a  vacuum.  It  has  been  explained  that  atmospheric  pres¬ 
sure  acting  on  the  water  in  the  soil  forces  the  water  up  the  stem  to  replace 
that  lost  by  evaporation.  An  objection  to  this  theory  is  that  the  atmos¬ 
pheric  pressure  is  not  known  to  raise  water  more  than  about  ten  meters 
and  there  are  trees  which  are  a  hundred  meters  or  more  in  height. 

Cohesion.  The  theory  which  has  been  most  generally  accepted  is  the 
cohesion  theory.  This  theory  is  based  on  two  factors  which  are  generally 
accepted  as  facts.  The  first  is  that  the  osmotic  force  with  which  the  leaves 
draw  water  from  the  vessel  to  replace  that  lost  by  transpiration  is  sufficient 
to  lift  the  weight  of  the  water  wliich  moves  through  the  stem  and  also  to 
overcome  any  resistance  due  to  friction  etc.  The  second  is  that  in  very 
small  solid  columns  water  holds  together  with  great  tenacity.  In  fact  in 
capillary  tubes  a  column  of  water  will  hold  together  with  sufficient  force 
so  that  a  column  as  long  as  the  height  of  the  tallest  tree  could  be  lifted 
by  a  pull  at  the  upper  end.  An  objection  which  has  been  raised  to  the 
cohesion  theory  is  that  the  water  does  not  occur  in  the  vessels  as  solid 
columns,  because  larger  or  smaller  air  bubbles  are  found  in  the  vessels,  and 
that  water  moves  around  these.  It  is  argued  that  these  air  bubbles  and 
also  the  movement  of  trees  by  the  wind  would  cause  the  column  to  break. 
The  claim  is  made,  however,  that  solid  columns  of  water  have  been  demon¬ 
strated  in  small  plants.  While  the  cohesion  theory  is  widely  held,  the  objec¬ 
tions  to  it  have  never  been  met  satisfactorily  enough  to  cause  its  universal 
acceptance. 

Diffusion  of  water  vap^  A  very  recent  theory  makes  use  of  'air 
bubbles  in  the  vessels.  This  theory  starts  with  the  evident  truth  that  all 
water  in  the  plant  is  continuous,  that  in  adjacent  cells  being  continuous 
through  the  cell  walls,  that  in  vessels  being  continuous  through  the  cell 
walls  with  that  in  surrounding  cells,  and  so  on  throughout  the  whole  plant. 
The  water  lining  the  vessels  is  thus  continuous  with  that  in  all  parts  of  the 
leaves  and  stems.  Where  a  cell  is  deficient  in  water,  water  will  be  drawn 
from  a  neighboring  cell  to  make  good  the  deficiency.  In  turn,  the  cell 
which  has  given  up  water  will  again  draw  water  from  another  cell.  The 
cells  in  contact  with  yessels  will  draw  water  from  them.  That  water  is  so 
drawn  we  know  to  be  true.  The  rapid  movement  of  water  in  the  vessels  of 
the  stem  is  explained  as  being  due  to  the  movement  of  water  in  the  form 
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of  water  vapor.  In  an  air  bubble  enclosed  in  a  vessel  with  wet  walls,  there 
would  be  a  tendency  for  the  air  bubble  to  be  saturated  with  water  vapor 
due  to  the  evaporation  of  water  from  the  wet  walls.  Gases  diffuse  rapidly, 
and  so  water  in  the  form  of  water  vapor  should  diffuse  rapidjy  through  an 
air  bubble  in  the  vessel.  As  water  is  drawn  from  one  part  of  a  vessel,  there 
would  be  a  tendency  for  this  water  to  be  replaced  by  the  condensation  of 
water  vapor  from  the  vessel,  while  the  water  which  condenses  would  be 
replaced  by  evaporation  from  a  more  moist  portion  of  the  vessel. 


Fig.  157.  A  cross  section  of  a  young  stem  of  a  tropical  tree,  ylang-ylang  (Canan- 
gium  odoratum),  in  which  there  has  been  some  secondary  thickening 

The  wood  is  composed  chiefly  of  wood  fibers  and  large  vessels.  The  bark  has 
in  the  phloem  an  alternation  of  thin-walled  cells  and  bast  fibers,  (x  40) 


SECONDARY  THICKENING 

Formation  of  cambium.  The  vascular  bundles  of  dicotyledons 
contain  a  single  layer  of  cambium  cells,  which  separates  the  xylem 
from  the  phloem  (Fig.  126).  While  the  other  cells  formed  by  the 
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division  of  the  meristem 
in  the  tip  of  the  stem 
are  being  differentiated 
into  permanent  tissue 
this  layer  of  cambium 
in  the  bundles  remains 
meristematic.  When  the 
primary  xylem  and  the 
primary  phloem  are  first 
differentiated,  there  is 
no  cambium  across  the 
pith  rays  to  connect  the 
edges  of  the  cambium 
in  the  bundles.  After 
the  differentiation  of  the 
first  xylem  and  phloem 
the  cells  of  the  pith  rays, 
which  lie  between  the 
edges  of  the  cambium 
in  the  bundles,  divide  in 
a  plane  at  right  angles 
to  the  radial  direction  of 
the  rays  and  form  a 
layer  of  cambium  across 
the  pith  rays.  The  be¬ 
ginning  of  this  process 
is  shown  in  Fig.  126. 
The  newly  formed  cam¬ 
bium  connects  the  cam¬ 
bium  in  the  bundles, 
and  this  results  in  the 
formation  of  a  continu¬ 
ous  ring  of  cambium  in 
the  region  between  the 
xylem  and  the  phloem 
(Fig.  157).  In  trees  the 
region  outside  the  cam¬ 
bium  is  known  as  harh, 


Fig.  158.  A  vascular  bundle  in  a  cross  section 
of  a  portion  of  a  young  stem  of  a  tropical  tree 
(Muntingia  calabura)  which  has  undergone 
some  secondary  thickening 

The  xylem  is  composed  largely  of  vessels  and 
wood  fibers.  In  the  phloem  region  there  is  an 
alternation  of  bands  of  thick- walled  bast  fibers 
and  thin-walled  phloem  cells.  A  secondary 
pith  ray  is  shown  in  the  center  of  the  bundle. 
(X  70) 
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Fig.  159.  Cross  section  of  tlie  sec¬ 
ondary  wood  of  a  linden  stem 

Rows  of  cells  extending  from  top 
to  bottom,  pith  rays ;  large,  thick- 
walled  openings,  vessels ;  smaller 
empty  cells,  wood  fibers;  small 
cells  with  gray  contents,  wood 
parenchyma.  An  annual  ring 
ends  with  the  small  cells  in  the 
lower  part  of  the  drawing;  an¬ 
other  begins  with  the  large  ves¬ 
sels  and  ends  near  the  top,  just 
below  the  large  vessels  of  the 
succeeding  ring,  (x  255) 


while  that  inside  is  known  as  wood. 
Usually  the  bark  can  be  readily  sep¬ 
arated  from  the  wood,  as  the  cam¬ 
bium  cells  are  soft  and  weak  and 
can  be  easily  broken. 

Activity  of  cambium.  The  cam¬ 
bium  layer  consists  essentially  of  a 
single  layer  of  cells.  These  cells  di¬ 
vide  in  a  direction  parallel  wdth  the 
epidermis.  Each  time  a  cell  of  the 
cambium  divides  into  two,  one  of 
the  daughter  cells  remains  meris- 
tematic,  while  the  other  is  differ¬ 
entiated  into  permanent  tissue.  If 
the  cell  that  is  differentiated  is  next 
to  the  xylem  it  forms  xylem,  while 
if  it  is  next  to  the  phloem  it  becomes 
phloem.  In  this  wmy  new  cells  are 
added  to  the  xylem  and  the  phloem, 
and  the  bundles  increase  in  size 
(Figs.  157, 158).  While  there  is  more 
or  less  alternation  in  the  production 
of  xylem  and  phloem  cells  from  a 
cambium  cell,  more  cells  are  formed 
on  the  xylem  side  than  on  the  phloem 
side. 

The  cells  formed  from  the  cam¬ 
bium  in  the  region  of  the  pith  rays 
become  .pith-ray  cells.  The  activity 
of  the  cambium  thus  increases  the 
length  of  the  pith  rays,  so  that  the 
bundles  and  pith  rays  grow  equally. 

The  formation  of  new  cells  from 
the  cambiutn  results  in  an  enlarge¬ 
ment  of  the  stem  that  is  known  as 
the  secondary  thickening.  The  for¬ 
mation  of  new  cells  in  secondary 
thickening  continues  throughout 
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the  life  of  the  plant.  It  is  in  this  way  that  the  trunks  of  trees 
continue  to  grow  in  diameter. 

After  the  cells  which  are  to  form  xylem  or  phloem  are  cut  off 
from  the  cambium,  they  undergo  one  or  more  tangential  divisions 
before  being  differentiated  into  permanent  tissue.  In  this  way  the 
cambium  frequently  comes  to  be  bordered  on  both  sides  by  cells 
which  are  very  similar  in  appearance  to  cambium  cells.  The  result 
is  that  on  superficial 
observation  the  cam¬ 
bium  appears  to  be 
several  cells  thick. 

Bast  fibers.  Very 
frequently  there  is  in 
the  secondary  phloem 
an  alternation  of  bands 
of  thick-walled  scleren- 
chyma  fibers  (known 
as  bast  fibers)  and 
bands  of  thin-walled 
phloem  cells  (Figs.  157, 

158).  The  bast  fibers 
are  like  other  scle- 
renchyma  cells  in  be¬ 
ing  elongated,  pointed, 

thick-walled  dead  cells  ^ 

,  -  .  .  In  the  center  IS  the  pith  surrounded  by  three  an- 

wnose  tunction  is  to  rings  of  wood.  In  the  bark  are  alternating 
give  strength  to  the  strands  of  phloem  and  bast  fibers 

group  of  tissues  in 

which  they  occur.  The  term  hast  fiber  is  frequently  used  in  a  col¬ 
lective  sense  to  denote  the  sclerenchyma  fibers  of  the  cortex,  the 
pericycle,  and  the  phloem.  Strands  of  bast  fibers  have  long  been 
used  by  man  for  industrial  purposes,,  having  furnished  early  sav¬ 
ages  with  bowstrings  and  material  for  cloth.  Among  the  best- 
known  commercial  bast  fibers  are  flax  (from  which  linen  cloth  is 
made),  hemp,  jute  (much  used  in  making  coarse  sacks),  and  ramie 
(the  so-called  China  grass). 

Annual  rings.  In  regions  wdth  a  very  pronounced  cold  season 
the  diameter  growth  of  woody  plants  takes  place  only  during  the 


Fic.  160.  Cross  section  of  a  three-year-old 
linden  stem 


Fig.  161.  Cross  section  of  a  portion  of  a 
two-year-old  stem  of  tulip  tree  {Lirioden- 
dr  on  tulipifera) 

Near  each  side  is  a  primary  pith  ray, 
while  in  the  center  is  a  secondary  ray. 
1,  first  annual  ring  of  wood;  2,  second 
annual  ring  of  wood;  r,  pith  ray;  co, 
cambium;  ph,  phloem;  s,  bast  fibers; 
p,  parenchyma;  c,  cork,  (x  65) 


Fig.  162.  Cross  section  of  a 
portion  of  a  three-year-old 
stem  of  tulip  tree  {Liriodeip- 
dron  tulipifera)  with  three 
annual  rings  of  wood 

Notice  the  primary,  second¬ 
ary,  and  tertiary  pith  rays. 
(X  75) 
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spring  and  summer,  and  not  in  the  winter.  The  wood  of  one  season 
is  sharply  marked  off  from  that  of  the  next,  because  the  wood 
formed  first  consists  more  largely 
of  vessels  than  does  that  formed 
later,  when  wood  fibers  are  rela¬ 
tively  more  abundant  (Figs.  159, 

160).  In  many  trees  vessels  are 
formed  only  or  largely  in  the  first 
part  of  the  season’s  growth.  The 
production  of  the  vessels  early  in 
the  season  is  advantageous  to  trees 
in  several  respects,  and  is  connected 
with  their  seasonal  activities.  In 
actively  growing  trees  the  number 
of  leaves  increases  each  year,  and 
as  all  the  foliage  for  a  year  is  ex¬ 
panded  during  the  early  part  of 
the  growing  season,  additional  ves¬ 
sels  are  needed  at  that  time  to  sup¬ 
ply  the  increased  foliage.  Moreover, 
the  vessels  in  the  leaves  formed 
during  one  season  are  directly  con¬ 
nected  with  the  wood  produced  that 
same  season ;  so  for  this  reason  also 
it  is  advantageous  for  the  vessels  to 
be  formed  as  soon  as  possible,  even 
when,  as  i'n  trees  past  their  prime, 
there  is  no  increase  in  the  number 
of  leaves.  In  the  case  of  coniferous 
trees  similar  conditions  obtain,  and 
the  tracheids  formed  in  the  spring 
are  much  larger  than  those  pro¬ 
duced  in  the  latter  part  of  the  grow¬ 
ing  season  (Fig.  146).  It  is  thus 

easy  to  distinguish  the  rings  of  wood  formed  in  successive  years 
in  either  dicotyledonous  (Fig.  160)  or  coniferous  trees  of  the  tem¬ 
perate  zones.  These  rings  are  called  annual  rings.  The  width  of 
the  annual  rings  varies  with  the  environmental  conditions  at  the 


Fig,  163.  Diagram  of  secondary 
thickening  in  a  vascular  bundle, 
showing  four,  annual  rings,  la¬ 
beled  1,  2,  3,  and  4,  in  xylem 
and  phloem 

On  both  sides  of  the  bundle  pith 
rays  run  from  the  pith,  while  pro¬ 
gressively  shorter  and  shorter 
rays  are  found  in  the  bundle.  In 
the  phloem  region  thick-walled 
sclerenchyma  alternates  with  the 
phloem 
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time  of  their  formation ;  during  favorable  seasons  wider  rings  are 
produced  than  during  unfavorable  seasons.  As  each  ring  represents 
a  single  season’s  growth,  the  age  of  a  tree  can  be  determined  by 
counting  the  annual  rings.  Fig.  161  shows  a  section  of  a  portion  of 
a  two-year-old  stem  with  two  rings,  while  Fig.  162  represents  a 

portion  of  a  stem  with 
three  narrower  rings. 
Similar  rings  are  some¬ 
times  produced  in  trop¬ 
ical  countries  where 
there  is  an  alternation 
of  pronounced  wet  and 
dry  seasons ;  in  this 
case  the  fundamental 
physiological  factors  in¬ 
volved  are  essentially 
similar  to  those  which 
have  been  described. 
In  most  trees  growing 
in  tropical  countries 
where  there  are  no 
pronounced  changes  of 
season,  there  are  no 
annual  rings  (Fig.  158). 

Secondary  pith  rays. 
As  the  course  of  the 
secondary  thickening 
continues,  the  outer 
edges  of  the  xylem  and 
the  inner  edges  of  the 
phloem  in  the  bun¬ 
dles  naturally  become  wider  and  wider.  They  do  not  increase  in 
width  very  greatly,  however;  before  the  cambium  cells  at  the  cen¬ 
ter  of  the  bundle  cease  to  form  xylem  and  phloem  but  give  rise 
to  pith-ray  cells.  In  this  way  new  pith  rays  are  formed' in  the 
bundles  (Figs.  158,  161-163).  As  the  secondary  pith  rays  do  not 
extend  to  the  central  pith  or  to  the  outer  edge  of  the  phloem, 
they  are  not  as  long  as  the  primary  rays.  When  the  secondary 


Fic.  164.  Cross  section  of  wood  of  coral  tree 
(Erythrina  fusca) ,  a  tree  that  has  an  unusually 
large  amount  of  wood  parenchyma  and  in  which 
the  wood  parenchyma  and  wood  fibers  are  ex¬ 
ceptionally  distinct 

The  rows  of  cells  containing  starch  grains  are 
pith  rays,  the  small  thick-walled  cells  are  wood 
fibers,  the  small  thin-walled  cells  between  them 
are  wood  parenchyma,  and  the  large  openings 
are  vessels,  (x  85) 
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thickening  has  progressed  farther,  tertiary  pith  rays  make  their 
appearance.  They  are  naturally  not  as  long  as  the  secondary  rays. 
In  the  same  way,  as  thickening  proceeds,  other  and  progressively 
shorter  pith  rays  are  formed  as  is  shown  in  Figs.  162  and  163. 

The  pith  rays  extend  radially  in  the  stem  for  considerable  dis¬ 
tances,  the  primary  rays  reaching  from  the  pith  into  the  bark ;  but 
the  vertical  extension  is  slight.  The  radial  extension  of  the  pith 
rays  is  of  advantage,  as 


they  conduct  food  mate¬ 
rials  and  water  radially  in 
the  stem.  A  considerable 
vertical  extension  would 
offer  no  such  advantage, 
but  would  result  in  weak 
places  where  the  stem 
could  be  rather  easily 
split.  The  vertical  exten¬ 
sion  of  pith  rays  is  seen 
very  readily  in  tangential 
sections.  Tangential  sec¬ 
tions  are  longitudinal  sec¬ 
tions  perpendicular  to  the 
pi  A  rays  (Fig.  165). 

'  Heartwood  and  sap- 
wopdv  The  wood  of  large 
tree  trunks  consists  of  an 
outer  region  known  as  sap- 
wood  and  an  inner  portion, 


Fic.  165.  Tangential  Section  of  ■'wood  of  eoral 
tree-  {Erytlirina  fiisca) 


A  vessel  is  in  the  center,  wood  fibers  ■with, 
thick  w^alls  and  pointed  ends  are  at  the  sides, 
and  the  elongated  blunt-ended  cells  are 
wood  parenchyma.  The  groups  of  cells  con¬ 
taining  starch  grains  are  pith  rays,  (x  75) 


the  heartwood.  The  sapwood  is  usually  light  in  color  and  from  about 
a  centimeter  to  several  centimeters  in  thickness.  In  the  sapwood 
the  parenchyma  cells  are  alive,  and  so  it  is  in  this  portion  of  the 
wood  that  food  is  stored.  Also,  the  ascending  current  of  water 
moves  in  the  sapwood,  and  not  in  the  heartwood,  which  has  prac¬ 
tically  no  other  function  than  that  of  mechanical  support.  The 
heartwood  frequently  has  a  darker  color  and  is  more  resistant  to 
decay  than  is  the  sapwood.  Wood  does  not  decay  by  itself,  decay 
being  due  to  the  action  of  bacteria  and  fungi.  The  parenchyma 
cells  of  the  heartwood  are  generally  dead,  but  before  they  die  they 
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usually  produce  tannin,  or  some  other  antiseptic  material,  which 
permeates  the  walls  of  the  neighboring  cells.  This  antiseptic  ma¬ 
terial  makes  the  wood  more  resistant  to  the  attacks  of  bacteria 
and  fungi,  and  it  is  for  this  reason,  and  also  because  the  heartwood 
contains  less  food  material  than  the  sapwood,  that  the  heartwood 
is  generally  more  resistant  to  decay  and  to  the  attacks  of  insects 


heartwood  is  also  usually 
due  to  tannin,  resins,  or 
gums  produced  by  the 
parenchyma  cells. 


variation  in  the  weight 
of  woods  is  very  great, 
as  they  contain  varying 
quantities  of  air,  but  the 
wood  substance  itself  has 
approximately  the  same 
weight  in  all  species,  be¬ 
ing  about  1.6  times  as 

Fic.  166.  Radial  section  of  wood  of  coral  water.  There- 

tree  (.Erythrina  fusca)  fore  all  WOods  WOUld  sink 

The  wood  fibers  and  wood  parenchyma  they  did  not  contain 
have  the  same  characteristics  as  in  the  a  considerable  amount  of 

section  (Fig.  165).  The  group  of  air  in  the  dead  cells  and  in¬ 
cells  containing  starch  grains  is  part  of  a  .  n  , 

pith  ray.  (x  95)  tercellular  spaces.  When 

this  air  is  removed,  as 
after  long  submergence  in  water,  the  wood  sinks.  From  the  above 
it  follows  that  the  weight  of  a  given  wood  will  depend  on  its 
density,  that  is,  on  the  relative  proportion  of  wood  material  and 
air.  The  density  and  weight  naturally  vary  with  the  number 
of  wood  fibers  and  the  thickness  of  their  walls.  Wood  that  contains 
a  great  deal  of  parenchyma  and  few  fibers  is  light  (Fig  164)  while 
wood  composed  largely  of  thick-walled  fibers  is  heavy; 

Fuel  value  of  wood.  The  fuel  value  of  wood  varies  with  its 
weight,  as  equal  weights  of  wood  produce  equal  quantities  of  heat, 
in  general  it  may  be  said  of  woods  otherwise  equal  that  those  light 
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whr‘?h*  quickly,  the  fire  spreading  rapidly, 

whde  those  that  are  heavy  behave  in  the  opposite  way 

whv^  •  arrangement  of  the  fibers  of  wood  explains 

why  t  IS  much  easier  to  split  it  longitudinally  than  to  cut  across 
It.  Wood  splits  most  easily  along  the  radii,  on  account  of  the  radial 
arrangement  of  the  pith  rays. 


Fig.  167.  Stages  in  the  formation  of  cork  of  oleander  (Nerium  oleander) 

Se^kver’  Til™7  “d  ‘ke  formation  of  a  phel- 

iogen  layer.  Left  center,  the  epidermal  cells  have  elongated  and  divided  to  form 

a  row  of  epidermal  cells  and  below  this  the  phellogen  layer.  Lower  left  the 

a  d  the  phellogen.  Right,  the  uppermost  row  of  cells  is  the  epidermis  the  next 
four  rows  are  cork,  while  the  sixth  row  from  the  top  is  pheHogen  (x  25?) 

Wood  pulp.  Paper  made  from  wood  consists  essentially  of  the 
fibrous  elements,  which  are  separated  and  then  pressed  together 
into  sheets.  In  making  paper  from  wood  the  fibers  are  separated, 
either  by  mechanical  grinding  or  by  boiling  with  chemicals  The 
oose  fibrous  material  that  is  obtained  in  either  of  these  ways  is 
known  as  wood  pulp.  While  wet,  this  pulp  is  combined  with  resin, 
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clay,  or  other  materials  to  give  body  and  added  strength,  after 
which  the  pulp  is  pressed  into  paper. 

Secondary  changes  in  the  bark.  As  the  wood  of  the  stem  is 
enlarged  by  the  cambial  activity  there  is  a  tendency  for  the 
regions  outside  of  the  younger  phloem  to  be  stretched.  This  is 
partly  compensated  for  by  radial  divisions  of  the  parenchyma 
cells.  When,  however,  there  is  a  band  of  sclerenchyma,  such 

as  occurs  in  the  pericy- 
cle  of  some  stems  (Fig. 
126),  the  dead  scleren¬ 
chyma  cells  cannot  grow 
and  divide,  and  can  be 
stretched  but  little,  if 
at  all.  Therefore  ^,8  the 
wood  increases  in  diame¬ 
ter  the  band  of  scleren¬ 
chyma  is  ruptured  and 
parenchyma  cells  are 
pressed  in  between  the 
isolated  strands  formed 
by  the  breaking  up  of 
this  sclerenchyma  ring. 

The  epidermis  fre¬ 
quently  increases  in  size 
by  radial  growth  and 
division,  but  it  seldom 
happens  that  the  epi¬ 
dermis  grows  fast  enough 


Fig.  168.  Early  stage  of  cork  formation  in 
Ixora  finlaysoniana.  (  x  250) 


to  prevent  it  from  being  ruptured  hv 

tissues  within  it  Tf  th  by  the  increase  m  size  of  the 

htr  anm  +1,  ^  Gpidermis  were  not  taken 

y  some  other  protecting  tissue,  the  cracking  of  the  epidermis 

wo  expose  the  underlying  tissue  to  an  excessive  rate  of  evapora 
tion  and  would  also  allow  the  entrf,nf.A  nf  ^  evapora- 

g^sms.  These  contingencies  are  prevented  byX*’formrtton  rf 
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spiration  but,  like  the 
epidermis  which  it  re¬ 
places,  hinders  the 
entrance  of  parasites 
and  affords  mechani¬ 
cal  protection. 

Phellogen.  The 
cork  is  formed  from 
a  layer  of  secondary 
meristem  known  as 
the  phellogen.  In  a 
stem  the  first  phello¬ 
gen  usually  arises  in  - 

the  outermost  layer  of  the  cortex  or  m  the  eoidermis  nticr  ifi7i 

d::re“iF“  “es?  ""T  r 

..  tau.eLa,  dU^of  ^  rel,^ 


nol’;  “7.?““'  under  a 

Stoma  of  mulberry  {Moms  alba) .  (  x  230) 


JbiG,  170. 


Lenticel  of  mango  {Mangiiera  indica) 

Note  the  phellogen  layer  extending  under  the  lenticel.  (x  95) 

remains  epidermal,  while  the  inner  becomes  the  phellogen  When 
the  outermost  layer  of  the  cortex  h^r 

to  the  Dhello^Pn  it  ic  tK  ?  ^  f  tangential  division  gives  rise 
+K  u  n  it  IS  the  outer  layer  that  becomes  phelloeen 

lortS®  ^  prfviou^ 

the  characteristics  of  meristematic  cells,  it  is  called  second^ 
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ary  meristem.  After  the  phellogen  layer  is  formed,  it  divides 
tangentially  and  gives  rise  to  radial  rows  of  cork  cells  toward  the 
exterior  of  the  stem  (Fig.  167),  and  frequently  to  parenchyma  cells 
toward  the  interior.  The  cork  cells  soon  be¬ 
come  suberized  and  die.  Also,  the  cutting  off 
of  the  water  supply  of  the  cells  that  are  ex¬ 
terior  to  the  cork  results  in  their  death,  and 
after  a  time  they  peel  off  and  disappear. 

The  first-formed  phellogen  does  not  func¬ 
tion  indefinitely  but  is  replaced  by  another 
produced  in  the  underlying  tissue.  The  sec¬ 
ond  phellogen  is  likewise  replaced  by  a  third, 
and  so  on  until  the  phellogen  may  come  to 
be  formed  in  the  secondary  phloem.  As  the 
older  parts  of  the  bark  tend  to  peel  off,  the 
bark  of  old  trees  may  consist  only  of  second¬ 
ary  tissues,  the  cortex,  pericycle,  and  primary 
phloem  having  been  shed. 

Lenticels.  Stomata  allow  for  an  exchange 
Fig.  171.  Abscission  of  gases  through  an  epidermis,  and  in  the 
layer  at  base  of  a  game  way  the  lenticels  allow  for  an  exchange 
alba).  (XI)  through  the  cork.  Lenticels  are 

formed  under  the  stomata  (Fig.  169)  and 
consist  of  radial  rows  of  cells  with  intercellular  spaces  (Fig.  170). 
Like  the  cork  cells,  they  are  formed  from  the  phellogen.  The  in¬ 
tercellular  spaces  allow  for  an  exchange  of  gases. 
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Leaf  fail.  The  fall  of  leaves  is  brought 
about  by  meristematic  activity  of  cells 
across  the  base  of  the  petiole.  These  pro¬ 
duce  layers  of  parenchyma  cells  which  sep¬ 
arate  and  cause  the  leaves  to  fall  (Fig.  171). 
The  scars  are  protected  by  lignification  and 
suberization  of  the  exposed  cells  and  by 
the  formation  of  a  layer  of  cork  continuous 
with  that  which  covers  the  stem. 

Healing  of  wounds.  When  a  cut  is 
made  into  the  wood  of  a  dicotyledon  or 
a  conifer,  the  cambium  cells  adjoining  the 
wound  area  proliferate  and  produce  what 
is  known  as  a  callus.  This  grows  over  the 
wound  and  covers  it  (Fig.  172).  A  phel- 
logen  layer  is  produced  in  the  outer  part 
of  the  callus,  while  a  cambium,  which  is 
continuous  with  that  in  the  stem,  is  formed 
in  the  interior.  As  the  edges  of  the  callus 
grow  together  over  the  wound  the  edges 
of  the  cambium  also  coalesce. 

Removal  of  a  strip  of  bark  and  cambium  ail  the  way  around 
the  trunk  of  a  tree  is  called  girdling.  If  the  strip  removed  is 
sufficiently  wide,  the  tree  will  be 
killed,  because  this  operation  de¬ 
stroys  the  food-conducting  tissues 
which  supply  the  roots.  Some 
plants  will  recover  from  girdling 
if  the  strip  removed  is  not  too 
wide,  as  the  wound  may  heal  by 
the  production  of  a  callus  and 
the  subsequent  formation  of  new 
conducting  tissues.  When  a  tree 
is  girdled,  the  part  of  the  trunk 
above  the  wound  grows  much 

faster  and  produces  a  much  larger  Cross  section  of  beet  root 

callus  than  that  below  it  (Fk  concentric  rings  due  to  the 

173),  as  the  part  above  the  wound 


Fig.  173.  A  girdled  tree 
trunk,  showing  greater 
growth  above  than  below 
the  wound 
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^ is  abundantly  supplied  with  food 
material,  while  the  part  below  is  not. 
.  Anomalous  secondary  thicken- 
\  ing.  The  method  of  secondary 

thickening  just  described  applies 
to  the  majority  of  dicotyledonous 
plants,  and  the  general  features 
/  are  characteristic  of  dicotyledons 
in  general.  There  are,  however, 
quite  a  number  of  plants  which 
show  variations.  In  the  squash 

.  ,  (Fig- 134)  there  is  not  only  a  cam- 

of  ioJo’^ZZ"  ItTi  “““ 

secondary  wood  formed  exterior  internal  to  it. 

to  the  original  vascular  bundles.  An  unusual  method  which  is 
Diagrammatic,  after  De  Bary  found  in  a  number  of  plants  is  for 

Ihe  first-formed  cambium  to  func¬ 
tion  for  a  while  and  then  cease  and  be  replaced  by  a  new  cam¬ 
bium  formed  in  the  pericycle.  The  second  cambium  may  function 
for  a  time  and  then  cease  growth  and  may  be  followed  by  a  third 


growth  of  xylem  Ld  more  rapiTLrSn  o{  X 

Phloe.  i.  she™  conooLnXT'X— ^  ^7 

“  ‘’y  etc- 

which  are  often  maS  ™  ^  ■’oot  of  the  common  beet, 
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o’clock  a  continuous  cambium  ring  is  not  formed  between 
the  first  bundles  which  appear  but  around  them  and  exterior  to  their 

phloem  (Fig.  175). 

Some  vines  which 
start  out  with  a  regu¬ 
lar  circular  cambium 
show  the  strikingly  pe¬ 
culiar  anomaly  that 
in  certain  places  the 
development  of  wood 
riG.  !??,  Stems  showing  several  rings  of  cambium.  Proceeds  slowly  while 
lagrammatic,  after  Schleiden;  from  De  Bary  phloem  is  formed  rap- 

y  P  y  masses  of  phloem  which  extend  into  it  (Fig,  176), 
In  some  plants 
there  is  a  cen¬ 
tral  ring  of  cam¬ 
bium  producing 
secondary  thick¬ 
ening,  outside 
of  which  are 
other  similar  but 
usually  smaller 
rings  of  cam¬ 
bium  the  activ¬ 
ity  of  which  also 
Fig.  178,  Cross  section  of  results  in  sec- 
Bauhinia  showing  xylem  ondary  thick- 
broken  up  by  growth  of  pith  ening  (Fig.  177). 

rays  and  parenchyma.  Dia-  A  verv  bi 
gr«mma.ic,  after  De  Bary  ,,^3 

Plante  by  the  continuous  S: ou.er paft^fTst^l 

rays  and  parenchyma  which  split  the  xylem  Drocaeno  showing  a  mer. 

up  into  V6rV  {nirinn.Q  1 'TON  _ _ _ l.i _ 


Fig.  178.  Cross  section  of 
Bauhinia  showing  xylem 
broken  up  by  growth  of  pith 
rays  and  parenchyma.  Dia¬ 
grammatic,  after  De  Bary 


up  into  very  curious  shapes  (Fig.  178).  istematical  cambium  re- 

Secondary  thickening  occurs  in  a  fewmon-  between  the  vascular 
ocotyledons  such  as  Yucca,  Cordyline  and  the  cortex. 

Dracaena  (Figs.  179,  180).  The  arrangement  after  De 

of  the  stem  produced  by  primary  growth  in 

such  cases  is  much  the  same  as  in  other  monocotyledons.  However 
formed  in  the  parenchyma  outside  of  the  region  of  the  vas- 
ular  bundles.  In  the  tissue  developed  on  the  inside  of  this  cambium  new 
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vascular  bundles  appear,  while  the  cells  formed  on  the  outside  produce 
secondary  cortex.  Where  this  secondary  thickening  occurs  in  tree  types, 
the  cortex  can  be  separated  from  the  inner  part  of  the  stem  in  much  the 
same  way  as  a  bark  can  be  separated  from  the  wood  in  dicotyledonous 
trees. 

The  development  of  secondary  thickening  in  leaves  may  be 
rather  similar  to  that  of  the  stem  but  is  much  less  extensive  (Figs. 

26,  181).  Often  the  xy- 
lem,  both  primary  and 
secondary,  forms  a  cres¬ 
cent  rather  than  a  ring 
(Fig.  181'). 

Pruning.  In  trim¬ 
ming  a  tree,  branches 
should  be  cut  off  even 
with  the  trunk,  and  no 
portion  of  a  dead  or  am¬ 
putated  branch  should 
be  left,  if  the  wound  is  to 
heal  properly.  Stumps 
of  branches  are  not  in 
the  direct  line  of  the 
movement  of  food  ma¬ 
terials,  and  usually  die 
quickly,  if  they  do  not 
send  out  new  shoots. 
Fig.  180.  An  old  tree,  Dracaena,  from  Baillon  A  Callus  formed  from  the 

main  stem  then  starts  to 
grow  out  over  the  stump,  but  before  the  stump  is  covered  it  begins 
to  decay,  as  is  clearly  illustrated  in  Fig.  182.  The  decay  extends 
into  the  wood  of  the  main  branch  and  trunk,  with  the  result  that 
the  tree  becomes  hollow.  For  similar  reasons,  if  a  twig  is  to  be 
cut  back  but  not  removed,  the  cut  should  be  made  a  little  above 
a  bud  and  not  in  the  middle  or  upper  part  of  an  internode.  If  a 
portion  of  an  mternode  is  left,  it  dies  and  its  presence  interferes 
with  the  closing  of  the  callus  over  the  wound. 

_  Budding  and  grafting.  Budding  and  grafting  consist  in  insert¬ 
ing  a  part  of  one  plant  into  another  in  such  a  way  that  a  perma- 


Fig.  181.  Development  of  primary  and  secondary  tissues  in  midrib  of  tobacco 
cross  section  of  a  very  young  leaf  showing  midrib  in  the  center:  B,  slichtlv 

reSon”J>fthe  showing  primary  xylem;  D,  vascular 

region  of  the  midrib,  showmg  cambium  region  between  the  xylem  and  the 

ower  phloem;  E  a.  portion  of  vascular  region  after  there  has  been  consider¬ 
able  secondary  thickening :  %e,  internal  endodermis;  ipe,  internal  pericycle; 

phloem;  px,  primary  xylem;  sx,  secondary  xylem;  sph,  second¬ 
ary  phloem,  pph,  primary  phloem;  e,  external  endodermis.  (After  Avery) 
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Dent  union  is  formed  and  the  inserted  piece  continues  to  grow.  The 
part  which  is  inserted  is  known  as  the  scion,  and  the  plant  into 
which  it  is  inserted  is  called  the  stock.  The  success  of  the  operation 
depends  primarily  upon  bringing  the  cambium  of  the  scion  into 
contact  with  that  of  the  stock. 

Budding  consists  essentially  in  removing  a  small  piece  of  bark 
with  a  bud  and  little  or  no  wood  from  one  plant  and  inserting  it 
under  the  bark  of  another  plant  (Fig.  183).  The  piece  inserted 
is  known  as  the  bud.  The  usual  method  is  called  shield  budding, 
on  account  of  the  shieldlike  Shape  of  the  bud.  In  this  method  an 


Fig.  182.  Dead  stumps,  showing  how  decay  may  enter  a  tree  trunk 


oval  piece  of  bark  with  a  bud  is  cut  from  one  twig.  The  stock  is 
usually  cut  off  above  the  place  where  the  bud  is  to  be  inserted, 
while  at  the  place  of  insertion  a  T-shaped  slit  is  made  through  the 
bark  into  the  cambiuffi.  The  flaps  are  then  loosened  and  the  bud  is 
inserted  under  them.  The  preparation  is  bound  tightly  to  insure 
close  contact  of  the  inner  surface  of  the  bud  with  the  cambium  of 
the  stock  and  to  prevent  the  bud  from  getting  out  of  place.  The 
junction  should  then  be  very  carefully  sealed  with  grafting  wax 
to  prevent  loss  of  moisture. 

Grafting  consists  in  cutting  off  a  piece  of  stem  of  one  plant  and 
inserting  it  mto  another.  The  common  method  of  grafting  when 
the  stock  IS  large  is  known  as  cleft  grafting  (Fig.  183).  The  scion 
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onsists  of  a  small  piece  of  twig  with  several  buds.  Its  base  is  cut 
like  a  wedge.  A  vertical  cleft  is  made  into  the  decapitated  stock 
fW  r  "ted  so  that  its  cambium  comes  in  contact  with 

0  the  stock.  The  wound  is  covered  with  wax  to'  prevent 


Fig.  183.  Budding  and  grafting 
Left,  budding;  center,  whip  grafting;  right,  cleft  grafting 


rymg  Whip  grafting  is  employed  on  small  stocks.  In  this  method 
both  stock  and  scion  are  cut  obliquely  and  a  vertical  cleft  is  made 
m  each.  Stock  and  scion  are  then  fitted  into  each  other  so  that  the 
cambmms  are  m  contact.  They  are  then  tied  together  and  the 
junction  IS  sealed  with  wax. 


CHAPTER  IX 


GROWTH  AND  RESPONSES 
GROWTH 

The  growth  of  a  plant  is  usually  accompanied  by  the  addition 
of  new  material,  but  growth  may  consist  in  the  rearrangement  of 
materials  already  present.  The  latter  is  evidently  the  case  when 
a  potato  or  an  onion  sprouts  in  a  dry,  dark  place,  as  under  these 
conditions  it  is  impossible  for  a  plant  to  absorb 
water  or  mineral  matter  or  to  carry  on  photo¬ 
synthesis.  Growth  in  such  cases  is  accompanied 
by  an  actual  loss  in  weight,  due  to  the  breaking 
down  of  compounds  in  the  process  of  respiration. 

This  is  necessary  for  the  release  of  the  energy 
used  in  the  rearrangement  of  the  materials  taking 
part  in  the  new  growth. 

Grand  period  of  growth.  If  the  formation  and 
growth  of  a  plant  organ  or  a  limited  part  of  a 
plant  are  considered,  it  will  be  found  that  during 
its  formation  the  rate  of  growth  is  slow.  As  it 
becomes  older  it  grows  more  rapidly  up  to  a  cer¬ 
tain  period,  and  then  more  and  more  slowly  until 
it  is  mature  and  growth  ends.  The  total  growing  period  is  known 
grand  period  of  growth.  It  can  be  divided  arbitrarily  into 
r  necessarily  overlap.  The  first  is 

cart  oHhe  n/Tt  ;  ”  nthor  limited 

part  of  the  plant  has  its  initiation.  The  chief  activity  durine  this 

KatS  1“  of  cells,  and  the  rltSowth 

itge™  tS 
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Fig.  184.  Apex  of 
stem  of  Elodea 
canadensis.  Note 
naked  tip  and 
appearance  and 
growth  of  leaf 
rudiments.  After 
Caspary 
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cells  have  reached  approximately  their  mature  size,  they  enter  the 
phase  of  maturation,  during  which  they  assume  their  mature  char¬ 
acteristics.  A  part  of  a  plant  in  this  phase  grows  slowly,  as  the 
cells  have,  to  a  great  extent,  ceased  enlarging. 

EFFECT  OF  EXTERNAL  FACTORS  ON  GROWTH 

Water.  An  abundant  supply  of  water  is  very  essential  to  the 
most  rapid  growth  of  plants.  It  is  a  well-recognized  fact  that 
plants  which  lack  water  grow  more  slowly  and  produce  smaller 
quantities  of  dry  material  than  do  plants  that  are  abundantly 
supplied  with  water. 

Any  part  of  a  plant,  in  order  to  grow,  must  contain  enough  water 
to  be  turgid.  When  cells  or  plant  organs  lose  their  turgidity,  they 
decrease  in  size.  Leaves,  fruits,  or  stems  may  lose  more  water  on  a 
dry,  sunny  day  than  they  absorb,  and  actually  become  smaller  than 
they  were  during  the  preceding  night.  It  is  therefore  necessary  for 
normal  growth  that  a  plant  should  be  able  to  obtain  not  only  enough 
water  to  replace  that  which  is  lost  through  transpiration  and  that 
which  is  used  in  photosynthesis  but,  in  addition,  enough  to  fill 
the  newly  formed  tissue.  The  amount  needed  for  growth  is  very 
small  as  compared  with  that  lost  through  transpiration. 

The  actual  rate  of  transpiration  is  not  so  important  as  is  the 
ratio  between  water  lost  and  water  absorbed.  It  is  highly  im¬ 
portant  that  the  daily  rates  of  transpiration  and  of  water  absorp¬ 
tion  should  be  so  balanced  that  the  water  absorbed  is  sufficient 
to  replace  that  lost  by  transpiration  and  to  support  new  growth. 
Excess  of  water  loss  over  water  absorption  may  be  brought  about 
either  by  a  high  rate  of  evaporation  or  by  a  low  moisture  content 
of  the  soil,  or  by  a  combination  of  these  two.  This  condition  can 
usually  be  remedied  by  either  decreasing  the  rate  of  evaporation  or 
increasing  the  water  content  of  the  soil.  In  agriculture  the  method 
most  generally  practiced  is  to  supply  water,  as  by  irrigation. 

Heat.  At  very  low  temperatures  plants  do  not  grow.  The 
minimum,  or  lowest,  temperature  at  which  a  plant  will  grow  varies 
with  different  species,  but  4°  C.  may  be  regarded  as  an  average 
minimum  temperature  for  many  plants.  As  the  temperature  in¬ 
creases  beyond  the  minimum  the  rate  of  growth  becomes  more 
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rapid  until  the  optimum  temperature  is  reached.  This  optimum 
temperature  also  varies  with  different  species,  but  probably  aver¬ 
ages  from  28°  to  30°  C.  If  the  temperature  rises  beyond  the  opti¬ 
mum,  the  rate  of  growth  decreases  until  a  temperature  is  reached 
above  which  no  growth  takes  place.  This  temperature  is  known 
as  the  maximum.  The  minimum  and  optimum  temperatures  for 


Fig.  185.  Photographs  of  blueberry  twigs,  both 
taken  in  the  spring  at  the  same  time 

The  one  on  the  left  had  been  exposed  to  a  cold 
winter  while  the  other  had  been  kept  warm  in  a 
greenhouse.  (After  Coville) 


growth  vary  not  only 
with  different  species 
but  also  with  changes 
in  other  environmental 
conditions. 

The  effect  of  tem¬ 
perature  is  not  confined 
to  the  direct  action  of 
favorable  or  unfavor¬ 
able  temperature  on 
the  rate  of  growth. 
Thus,  trees  from  the 
temperate  zone  do  not 
thrive  in  the  tropics, 
where  the  temperatures 
are  favorable  to  growth 
throughout  the  year. 
Trees  which  are  native 
to  the  temperate  zone 
seem  to  need  a  winter 
season,  while  tropical 


„  j  ,  ,  ,  ,  ones  do  not. 

ees  and  shrubs  of  the  temperate  zone,  which  are  usuallv 
dormant  during  the  long  winter,  tend  to  becUe  dormlntT  ibl 
tropics  after  a  period  of  activity.  Unless  they  are  exposed  to  an 
extensive  period  of  cold  though  not  necessarilv  frpf.?  ^ 
the  resumption  of  growth  is^eatl/deCtw^ 

u  htalTrf  ‘“s  rton  tilt 

and  then  hecotne  ’'T 

never  fully  recover  from  this  oonrtfon™ 
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The  advantages  of  chilling  for  trees  of  the  temperate  zone  seem 
^  be  connected  with  changes  in  the  character  of  the  stored  food. 

uring  the  summer  and  autumn  food  is  stored  in  the  form  of 
starch  which  is  insoluble.  Before  this  can  be  used  for  growth  it 
must  be  changed  to  sugar,  which  is  soluble,  and  in  these  plants 
IS  c  ange  appears  to  take  place  most  readily  at  low  temperatures. 


Fig.  186.  Effect  of  lengths  of  day  on  different  types  of  plants 

iPiUsSsi 

o  ^  All  early  summer.  (From  work  of 

Garner  and  Allard,  Bureau  of  Plant  Industry,  United  States  Depart rf 

Agriculture) 

Trees  of  the  temperate  zone  are  afforded  valuable  protection 
by  the  fact  that  in  the  fall  they  enter  into  a  condition  of  dor- 
mancy  from  which  they  do  not  emerge  until  exposed  to  prolonged 
c  illing.  It  such  plants  were  so  constituted  as  to  start  into  growth 
as  easily  in  the  warm  days  of  late  fall  as  they  do  in  early  spring 
many  species  would  come  into  flower  and  leaf  in  warm  autumn 
days  which  follow  cold  ones,  and  the  stored  food  that  they  require 
tor  their  normal  vigorous  growth  in  the  following  spring  would  be 
wasted  in  the  growth  of  new  twigs  which  would  be  killed  by  the 
hrst  heavy  freeze.  These  evil  results  are  prevented  when  two  or 
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three  months  of  chilling  are  necessary  before  a  dormant  plant  will 
respond  to  a  favorable  temperature  by  the  res^ption  of  growth 
Ught.  As  the  growth  of  green  plants  is  dependent  on  photo- 
syntLis,  plants  cannot  continue  to  grow  for  any  great  leng  h  o 
toe  without  light.  On  the  other  hand,  high  mtensit.es  o  hght 
are  usually  accompanied  by  rapid  rates  of  evaporation.  In  the 


Fig.  187.  Two  views  of  the  same  fasciated  stem  of  cockscomb 


preceding  chapter  it  was  pointed  out  that  plants  may  contain  less 
water  on  sunny  days  than  on  cloudy  days  or  during  the  night. 
This  condition  frequently  results  in  a  much  more  ra|)id  rate  of 
growth  during  the  night  than  during  the  day,  and  plants  may 
even  cease  growing  or  actually  shrink  during  bright,  dry  days. 

The  relative  length  of  day  and  night  is  a  very  important  factor 
in  determining  the  fruiting  season  of  plants.  Some  plants,  as 
Poinsettia  (Fig.  98),  will  flower  and  fruit  only  during  seasons  with 
short  days,  and  others  only  when  the  days  are  long.  In  temperate 
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Fig.  188.  Fasciated  fruit  of  pineapple.  The 
pineapple  is  really  a  stem  bearing  many  fruits 
fused  together.  Fasciation  of  this  type  is  not 
unusual.  Compare  Fig.  330 


zones  the  days  are  long  during  the  summer,  shorter  in  autumn,  and 
still  shorter  in  winter.  It  has  been  found  that  many  plants  which 

.  normally  do  not  flower 
until  the  short  days  of 
autumn  can  be  made  to 
bloom  during  the  long 
days  of  summer  if  they 
are  placed  in  the  dark 
for  a  portion  of  each  day 
(Fig.  186).  Also,  many 
plants  that  usually  blos¬ 
som  in  the  summer,  and 
not  in  the  winter  even  if  in 
a  heated  greenhouse,  will 
produce  flowers  during 
the  short  days  of  winter 
if  kept  in  a  warm  green¬ 
house  and  illuminated  by  electric  lights  for  a  portion  of  each  night. 

While  the  period  of 
flowering  may  be  has¬ 
tened  by  shortening  the 
daily  exposure  to  light, 
the  rate  of  growdh  fre¬ 
quently  increases  wdth 
the  length  of  the  daily 
exposure.  When  plants 
which  germinate  in  the 
spring  and  flower  in 
the  fall  are  forced  into 
bloom  early  in  the  sum¬ 
mer  by  shortening  the 
daily  exposure  to  light, 
they  are  small  at  the 
time  of  flowering. 

In  the  tropics  the 
days  are  always  shorter 
than  the  summer  days  of  temperate  zones.  Plants  from  the  tropics 
may  fail  to  flower  during  the  long  days  of  northern  summers  and 


Fig.  189.  Section  of  a  gall  on  a  Cissus  root  in 
which  a  bud  of  Rafflesia  manillana  is  developing 

Later  the  bud  will  burst  through  the  gall.  Com¬ 
pare  with  Fig.  7 
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produce  flowers  and  fruits  abundantly  in  greenhouses  during  the 
shorter  days  of  winter. 

The  fact  that  the  days  are  shorter  in  the  tropics  than  they  are 
during  the  summer  in  temperate  zones  may  explain  why  many  of 
the  plants  of  the  temperate  zone  do  not  succeed  in  the  tropics. 

Abnormal  forms  of  growth.  Stems  and  other  plant  organs  fre¬ 
quently  show  abnormal  growths.  One  of  the  most  common  is  a 
flattened  form,  called  fasciation,  which  occurs  when  a  stem  has 
several  growing  points  instead  of  a  single  one.  This  abnormality 
may  be  inherited,  as  in  the  cockscomb  (Fig.  187),  or  it  may  be  due 
to  an  injury,  as  by  insects  (Fig.  188).  Galls  are  another  common 
class  of  abnormality.  They  may  be  produced  by  parasitic  bacteria, 
fungi,  flowering  plants  (Fig.  189),  or  various  classes  of  animals, 
especially  insects.  Insect  galls  are  very  numerous,  those  produced 
by  a  given  insect  on  the  same  kind  of  plant  being  constant  in  form. 
The  mother  insect  lays  its  eggs  in  the  host  plant ;  and  after  the 
eggs  hatch,  the  tissues  of  the  plant  proliferate  and  produce  the  galls. 

RESPONSE  OF  STEMS  AND  LEAVES  TO  EXTERNAL  CONDITIONS 

Geotropism.  It  is  a  very  common  observation  that  stems  grow 
upward  and  roots  downward.  Even  in  the  case  of  most  prostrate 
stems  the  tips  tend  to  grow  upward.  This  tendency  of  stems  to 
grow  upward  and  roots  to  grow  downward  is  due  to  the  force  of 
gravity.  Such  responses  of  a  plant  to  gravity  are  known  as  geot¬ 
ropism.  When  roots  grow  downward,  or  in  the  direction  of  the 
force  of  gravity,  they  are  said  to  show  'positive  Qeotropism,  while 
stems  that  grow  upward  against  the  force  of  gravity  exhibit  nega¬ 
tive  geotropism. 

The  action  of  geotropism  can  be  demonstrated  very  easily  if  we 
take  a  small  seedling  and  lay  it  in  a  horizontal  position.  The  stem 
will  bend  upw^ard,  while  the  root  will  turn  downward.  The  stem 
and  root  will  then  continue  to  grow  in  these  directions.  If,  how¬ 
ever,  we  place  a  seedling  in  a  horizontal  position  and  revolve  it 
around  its  own  axis,  so  that  all  sides  shall  be  subjected  in  the  same 
way  to  the  force  of  gravity,  then  the  stem  and  root  will  continue 
to  grow  in  a  horizontal  direction.  The  action  of  the  negative  ge¬ 
otropism  of  stems  is  clearly  seen  in  the  case  of  plants  which  have 
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been  blown  over  but  continue  to  grow.  In  such  cases  the  stems 
grow  upward,  away  from  the  surface  of  the  earth. 

The  action  of  geotropism  is  not  due  to  a  direct  pull  of  gravity 
on  the  plant  but  is  a  response  of  the  plant  itself,  as  is  shown  by  the 
fact  that  stems  grow  upward  against  the  pull  of  gravity,  while 
roots  may  exert  considerable  force  in  growing  downward ;  in  fact, 
roots  must  exert  force  to  penetrate  the  ground.  The  difference  in 
reaction  of  stems  and  roots  is  not  the  result  of  any  difference  in 
the  force  of  gravity  on 
the  parts  concerned 
but  is  caused  by  dif¬ 
ferences  inherent  in 
the  organs  themselves. 

The  response  to  grav¬ 
ity  is  brought  about 
by  different  rates  of 
growth  on  the  upper 
and  lower  sides  of 
the  organs  concerned, 
the  side  which  be¬ 
comes  convex  grow¬ 
ing  more  rapidly  than 
the  opposite  side. 

Geotropism  is  largely 
responsible  for  the 
position  of  upright 
stems.  Branches  do 
not  show  the  action  of  geotropism  to  the  same  extent  as  does 
the  main  axis. 

Phototropism.  Stems  tend  to  grow  toward  the  light,  while  most 
aerial  roots  grow  away  from  the  light  (Fig.  190).  The  tendency  of 
plant  organs  to  orient  themselves  with  reference  to  light  is  called 
phototropism.  An  organ  that  grows  toward  the  light  exhibits  'posi¬ 
tive  phototropis'm,  while  an  organ  that  grows  away  from  the  light 
shows  negative  phototropism.  Nearly  all  roots  that  normally  grow 
in  the  ground  show  little  or  no  phototropism ;  but  there  are  some 
exceptions,  as  in  the  case  of  the  radish,  where  the  roots  are  nega¬ 
tively  phototropic  (Fig.  191). 


Fig.  190.  The  tip  of  a  pendent  stem  of  an  orchid 
(Dendrobium  anosmum)  (see  Fig.  2)  producing  a 
young  plant 

The  parent  plant  hangs  under  the  edge  of  a  porch ; 
the  new  shoots  are  growing  toward  the  light,  and 
the  roots  away  from  the  light.  (X  J) 
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The  effect  of  phototropism  can  often  be  clearly  seen  in  upright 
plants  growing  very  near  a  house.  In  such  cases  there  is  a  tend¬ 
ency  for  the  branches  to  grow  away  from  the  house,  or,  in  other 
words,  toward  the  source  of  greatest  illumination.  There  is  also  a 
tendency  for  the  main  stem  to  lean  away  from  the  house,  or  toward 
the  light.  In  trees  that  bend  toward  the  light  the  position  of  the 
main  axis  is  very  clearly  the  result  of  the  combined  action  of 


Fig.  191.  A  radish  seedling  grown  on 
the  side  of  a  piece  of  blotting  paper 
held  vertically  in  a  darkened  box  with 
light  entering  on  the  left  side 

The  position  of  the  shoot  is  due  to  a 
combination  of  positive  phototropism 
and  negative  geotropism ;  that  of  the 
root,  to  negative .  phototropism  and 
positive  geotropism.  (x  1) 


geotropism  and  phototropism : 
the  general  upright  position  of 
the  stem  is  due  to  geotropism, 
while  the  leaning  position  is 
the  result  of  phototropism.  The 
effects  of  phototropism  are  fre¬ 
quently  pronounced  in  plants 
growing  in  windows  or  on  cov¬ 
ered  porches.  In  such  cases  the 
plants  usually  lean  toward  the 
source  of  light  (Fig.  192). 

The  tips  of  herbaceous  stems 
frequently  follow  the  course  of 
the  sun  during  the  day,  pointing 
to  the  east  in  the  morning  and 
to  the  west  in  the  afternoon. 
This  is  true  of  the  sunflower. 

Diaphototropism.  Leaves  usu¬ 
ally  turn  to  face  the  source  of 


greatest  illumination,  and  also 
bend  in  such  a  way  that  they  are  not  greatly  shaded  by  the  leaves 
above  them.  The  turning  and  bending  of  leaves  to  face  the 
light  is  called  diaphototropism. 

When  leaves  have  petioles,  the  bending  takes  place  in  the 
petioles.  If  the  petioles  on  pendent  branches  were  straight,  the 
morphologicaUy  upper  side  of  the  leaves  would  face  downward, 
but  in  such  cases  the  petioles  bend  and  twist  so  as  to  expose  this 
side  to  the  strongest  light  (Fig.  193).  In  many  cases  the  bending 
and  twisting  of  the  petioles  or  the  twisting  of  the  stem  is  much 
more  important  than  the  place  of  attachment  of  the  leaves  in  deter¬ 
mining  the  position  of  the  leaf  blades.  This  is  often  very  clearly 
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seen  in  the  diJEferent  posi¬ 
tions  of  leaves  on  vertical 
and  horizontal  stems  of  the 
same  plant.  On  vertical 
stems  which  are  not  shaded 
on  one  side  the  leaves  ex¬ 
tend  straight  out  from  the 
point  of  attachment,  while 
if  the  illumination  is  one¬ 
sided,  as  upon  unshaded 
horizontal  branches,  the 
stems  or  petioles  frequently 
bend  and  twist  so  as  to 
bring  the  blades  into  such 
a  position  that  they  face 
the  strongest  light.  Com¬ 
pare  Fig.  Ill  with  Fig.  116, 
and  Fig.  195  with  Fig.  194, 
On  horizontal  branches  the 
leaves  are  often  arranged 
in  an  approximately  hori¬ 
zontal  position.  As  an  example  take  the  case  of  a  plant  on  which 
the  leaves  are  arranged  in  five  vertical  rows.  On  a  vertical  stem  the 
leaves  will  extend  from  the 
stem  in  five  directions 
(Fig.  194) .  On  a  horizontal 
branch  of  the  same  plant 
the  petioles  will  bend  and 
twist  so  as  to  bring  the 
blades  into  an  approxi¬ 
mately  horizontal  position, 
and  the  leaves  will  appear 
to  grow  from  only  two  sides 

of  the  stem  (Fig.  195).  ir  mo  t  r  . 

rrii  1  /•  T  ,  n,eaves  of  Thunbergia  grandiflora 

The  degree  of  adjust-,.  on  pendent  branch 

njent  of  leaves  in  response 

to  light  yaries  greatly  in 

,  T  pnologically  upper  sides  of  the  leaves  are 

different  plants.  Leaves  uppermost,  (x  i) 


Fig.  192.  A  mungo  bean  seedling  wliich 
grew  upright  when  illuminated  from  all 
sides  and  then  bent  toward  the  light  when 
illuminated  only  from  the  left.  (xi) 
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Fig.  194.  Vertical  branch  of  Cestrum  nocturnum 
illuminated  from  all  sides 

Compare  with  Fig.  195.  (x  J) 


Fig.  195.  Arrangement  of  leaves  on  horizontal 
branch  of  Cestrum  nocturnum ;  position  of  leaves 
due  to  one-sided  illumination 

Compare  with  Fig.  194.  (x  f) 


which  are  very  sensi¬ 
tive  to  light  follow 
the  course  of  the  sun 
during  the  day ;  leaves 
which  are  only  mod¬ 
erately  sensitive  usu¬ 
ally  face  the  strongest 
light,  as  is  the  case 
with  most  common 
trees  and  shrubs ; 
while  leaves  which 
are  feebly  sensitive 
are  not  so  definitely 
arranged. 

Hormones.  The 
causes  of  geotropic 
and  phototropic  re¬ 
sponses  have  been 
investigated  most 
thoroughly  in  roots 
and  in  coleoptiles, 
which  are  the  sheaths 
that  cover  the  apexes 
of  the  seedling  shoots 
of  grass.  In  coleop¬ 
tiles  it  is  the  tip  that 
is  sensitive  to  light, 
while  curvature  oc¬ 
curs  at  the  base. 
There  is  thus  a  region 
of  perception  of  the 
stimulus  at  the  tip 
which  is  separated 
from  the  region  of 
response  at  the  base. 
In  roots  it  is  the  tip 
that  is  sensitive  to 
geotropic  stimulus, 
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while  curvature  occurs  back  from  the  tip.  Here  also  there  is  a 
sensitive  region  separated  from  the  region  of  response. 

In  the  stimulated  tips  of  coleoptiles  and  roots  there  is  formed  a 
growth-regulating  substance  or  hormone,  and  it  is  the  diffusion  of 
this  hormone  toward  the  responding  region  that  results  in  the  un« 
equal  growth  which  produces  curvature.  Internal  secretions  or 
hormones  are  numerous  and  important  in  animals.  The  growth¬ 
regulating  effect  of  thyroid  secretions  is  well  known.  In  animals 
the  hormones  are  distributed  in  the  blood  stream;  the  growth¬ 
regulating  hormone  responsible  for  heliotropic  or  geotropic  curva¬ 
ture  in  plants  travels  by  diffusion. 

The  existence  and  diffusion  of  a  growdh-regulating  hormone  has 
been  demonstrated  in  several  ways.  The  tip  of  a  coleoptile  or  root 
can  be  cut  off  and  separated  from  the  remainder  of  the  coleoptile  or 
root  by  gelatin,  when  the  hormone  diffuses  through  the  gelatin  to 
the  stump  of  the  coleoptile  or  root  and  produces  curvature.  If  a 
sheet  of  tin  foil  is  placed  between  the  tip  and  the  remainder  of  the 
coleoptile  or  root  no  response  results. 

An  even  clearer  demonstration  can  be  made  by  placing  severed 
coleoptiles  or  root  tips  on  a  small  block  of  gelatin,  and  allowing  the 
growth-regulating  hormone  to  diffuse  into  the  gelatin.  The  block 
of  gelatin  can  then  be  placed  on  the  end  of  an  unstimulated  coleop¬ 
tile  or  root  from  which  the  tip  has  been  removed.  The  growth¬ 
regulating  hormone  will  then  diffuse  into  the  coleoptile  or  root  and 
cause  curvature. 

There  is  an  indication  that  only  one  growth-regulating  hormone 
is  concerned,  as  the  tip  of  a  coleoptile  which  has  been  stimulated 
can  be  cut  off  and  placed  on  the  end  of  a  root  from  which  the  tip 
has  been  removed  and  cause  curvature.  Likewise,  a  root  tip  can 
cause  curvature  in  a  coleoptile.  Moreover,  the  growth-regulating 
hormone  from  a  coleoptile  can  be  allowed  to  diffuse  into  a  block  of 
gelatin  and  this  block  of  gelatin  will  cause  response  when  placed  on 
the  end  of  a  root  from  which  the  tip  has  been  removed.  Likewise, 
a  gelatin  block  into  which  the  hormone  has  diffused  from  an  stimu¬ 
lated  root  tip  will  cause  curvature  in  a  coleoptile. 

In  the  developing  shoots  of  many  plants,  the  buds  in  the  axils 
of  the  leaves  remain  dormant  as  long  as  the  apex  of  the  shoot  is 
growing  but  develop  into  branches  when  the  apex  is  removed.  It 
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has  been  found  in  some  cases  investigated  that  the  failure  of  the 
lateral  buds  to  develop  while  the  apex  is  growing  is  due  to  the 
action  of  a  growth-inhibiting  hormone  formed  in  a  few  of  the  very 
sma.ll  developing  leaves  but  not  in  the  very  small  leaf  rudiments. 

Unusual  positions  of  leaves.  While  the  leaves  of  most  plants 
are  in  general  arrajUged  so  that  they  face  the  source  of  greatest 
illumination,  there  are  some  exceptions.  The  leaves  of  many  plants, 
particularly  of  those  growing  in  arid  regions,  make  acute  angles 
with  the  rays  of  light  from  the  source  of  greatest  illumination. 
This  arrangement  has  certain  advantages.  Very  intense  light  has 
a  tendency  to  destroy  chlorophyll.  It  also  has  a  tendency  to  heat 
the  leaves  excessively  and  to  produce  rapid  transpiration.  These 
injurious  effects  are  partly  avoided  by  plants  that  have  their  leaves 
arranged  in  the  manner  just  described. 

Leaf  mosaics.  The  petioles  of  old  leaves  are  usually  longer  than 
those  of  younger  leaves  on  the  same  branch.  In  many  plants  the 
bending  and  twisting  of  the  petioles,  or  a  combination  of  these 
movements  with  different  lengths  of  the  petioles,  brings  all  the 
blades  into  approximately  the  same  plane  and  in  such  a  position 
that  they  fit  in  between  each  other  with  very  little  overlapping. 
Such  an  arrangement  of  the  blades  is  called  a  leaf  mosaic,  from  the 
similarity  to  the  fitting  in  of  materials  in  mosaic  work. 

Heliotropism.  The  term  heliotropism  is  often  used  in  place  of 
the  word  phototropism.  Heliotropism  is  the  orientation  of  plant 
organs  in  response  to  sunlight.  Stems  and  leaves,  however,  re¬ 
spond  to  artificial  light  as  well  as  to  sunlight,  so  that  it  is  better 
to  use  the  general  term,  phototropism,  than  the  specific  one, 
heliotropism. 

Etiolation.  Stems  that  grow  in  the  dark  have  a  tendency  to 
.grow  longer  and  to  be  more  slender  than  those  that  develop  in  the 
light.  They  also  have  a  blanched  appearance,  due  to  a  lack  of 
chlorophyll.  The  leaves  of  plants  grown  in  the  dark  are  usually 
small  and  also  have  a  blanched  appearance.  Plants  that  have 
stems  and  leaves  with  these  characteristics,  which  are  the  result 
of  growth  in  the  dark,  are  said  to  be  etiolated.  Etiolation  is  well 
fflustrated  in  Fig.  196.  A  practical  use  is  made  of  etiolation  in 
China  and  Japan,  where  young  sprouts  of  bamboo  are  used  for 
food.  These  are  made  white  and  tender  by  covering  them  with 
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earth  or  earthenware  jars.  Similar  results  are  achieved  with 
asparagus  by  cutting  the  shoots  when  the  tops  are  just  above¬ 
ground. 

In  nature,  when  upright  stems  grow  in  the  dark  they  usually 
arise  from  underground  structures  such  as  bulbs  or  rhizomes,  or 
are  produced  by  germinating  seeds.  In  such  cases  the  relatively 
longer,  slender  structure  of  etiolated  stems  has  a  tendency  to  make 


Fig.  196.  Ftiolstcd  seedlings  (left)  and  normal  seedlings  (right)  of  miingo 
bean  {Phaseolus  radiatus) 


the  plants  reach  up  into  the  light.  The  production  of  small  leaves 
on  etiolated  stems  also  seems  to  be  of  advantage,  as  leaves  in  the 
dark  cannot  carry  on  photosynthesis  and  so  are  of  no  particular 
use  to  the  plant.  Moreover,  large  leaves  would  hinder  the  growth 
of  stems  through  the  ground,  while  their  formation  would  require 
material  which  could  be  used  in  elongating  the  stem. 

Leaves  that  normally  arise  directly  from  underground  structures 
behave  differently  from  ordinary  aerial  leaves  when  grown  in  the 
dark.  Instead  of  being  smaller  than  usual  they  become  longer. 
This  has  the  same  effect  as  the  elongated  growth  of  upright  stems 
in  that  there  is  a  tendency  to  bring  the  leaves  into  the  light. 
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Self-pruning.  The  heavily  shaded  portions  of  branches  fre¬ 
quently  shed  their  leaves,  while  whole  branches  that  are  heavily 
shaded  usually  die  and  fall  from  the  plant.  It  is  for  this  reason 
that  the  leaves  of  trees  are  usually  found  near  the  circumference 
of  the  crown  and  not  in  the  interior. 

The  loss  of  shaded  branches  can  be  seen  very  plainly  in  the  case 
of  trees  which  grow  close  together  and  produce  long  trunks.  As  the 
lower  branches  become  heavily  shaded  they  die  and  fall  from  the 
tree,  and  leave  the  lower  part  of  the  trunk  clear  of  branches.  It  is 
a  common  observation  that  trees  growing  close  together  are  tall 
and  slender  in  form  and  have  long,  clear  trunks,  while  a  tree  grow¬ 
ing  in  the  open,  where  it  is  not  shaded,  usually  has  a  spreading 
crown  and  a  short  trunk.  These  differences  are  due  to  the  fact  that 
if  trees  grow  close  together  the  lower  portions  are  shaded  and  the 
lower  branches  die,  which  is  not  the  case  with  trees  which  develop 
in  the  open.  The  dying  and  falling  of  shaded  branches  is  called 
self-pruning.  Foresters  take  advantage  of  the  self-pruning  of  trees, 
and  plant  seedlings  close  together  so  that  long,  clear  trunks  will  be 
produced.  If  it  is  desired  that  a  tree  growing  in  the  open  shall  have 
a  long,  clear  trunk,  it  frequently  becomes  necessary  to  remove  the 
lower  branches. 


CHAPTER  X 

SPECIALIZED  STEMS 


The  chief  function  of  ordinary  stems  is  to  support  the  leaves 
and  reproductive  organs  in  such  a  way  that  they  can  carry  on 
their  several  functions  advantageously.  Many  stems,  however, 
are  specialized  for  functions  which  are  unusual  for  stems,  or  are 
fitted  to  perform  the  usual  functions  in  a  somewhat  specialized 
manner.  Stems  of  these  types  may  be  called  specialized  stems. 
They  may  be  divided  into  the  following  general  classes :  unusual 
methods  of  support  (stem  function),  photosynthesis  (leaf  function), 
absorption  (root  function),  reproduction  (seed  function),  storage, 
and  protection.  This  list  is  very  similar  to  that  given  for  specialized 
leaves.  Frequently  the  only  way  in  which  we  can  tell  by  superficial 
examination  whether  a  given  structure  is  a  stem  or  a  leaf  is  by  the 
mode  of  its  attachment.  If  the  structure  is  in  the  axil  of  a  leaf  we 
regard  it  as  a  stem,  while  if  a  stem  or  bud  is  found  in  its  axil  it  is 
considered  a  leaf. 

Unusual  methods  of  support  (stem  function).  Stems  that  are 
specialized  in  no  other  way  than  to  support  the  leaves  and  re¬ 
productive  organs  in  a  rather  unusual  manner  are  well  exemplified 
in  climbing  plants.  The  chief  advantage  of  the  climbing  habit 
seems  to  be  that  it  enables  a  plant  to  reach  up  into  the  light  and 
bear  large  numbers  of  leaves  without  the  necessity  of  expending 
the  material  which  would  be  necessary  to  build  a  stem  sufficiently 
strong  to  support  the  leaves  and  reproductive  organs  by  its  own 
strength.  A  climbing  plant  depends  on  the  strength  of  some  other 
object  for  its  support,  and  so  can  develop  long,  slender  stems.  It  is 
probably  because  of  their  slender  stems  that  climbers  usually  grow 
rapidly  and  so  can  shoot  up  through  dense  vegetation  and  reach 
the  light  more  quickly  than  can  a  plant  which  has  to  develop  a 
stem  thick  enough  to  support  itself. 

The  climbing  habit  has  the  disadvantage  that  the  climbers  are 
likely  to  fall  with  the  death  and  decay  of  the  plants  on  which  they 
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grow.  Frequently  they 
grow  over  and  shade  the 
supporting  plant  to  such 
an  extent  as  to  kill  it,  and 
thus  are  instrumental  in 
bringing  themselves  to 
the  ground. 

In  order  to  utilize  the 
strength  of  some  other 
object  a  plant  must  have 
some  means  of  attach¬ 
ing  itself  to  its  support. 
There  are  four  general 
types  of  climbers :  twiners, 
tendril  climbers,  root  climb¬ 


ers,  ana  scramolers. 

Twiners.  A  twiner  climbs  by  the  simple  device  of  twining  spi¬ 
rally  around  a  support.  In  nature  such  a  support  would  be 
another  plant ;  in  cul¬ 
tivation  it  is  usually 
a  wire,  cord,  or  slen¬ 
der  pole.  The  morning- 
glory  is  a  common  ex¬ 
ample  of  the  twiners. 

Tendril  climbers.  A 
tendril  climber  is  held 
up  by  tendrils,  which  are 
either  modified  stems 
(Fig.  197)  or  leaves 
(Fig.  94)  or  are  of  doubt¬ 
ful  homology,  as  in  the 
squash  family  (Fig.  198). 

Tendrils  are  long,  slender 
structures  which  coil 
around  other  objects  or, 

more  r^ely,  bear  disks  200.  Siem.  modified  a.  hook, 

that  adhere  to  the  sur-  ^  , 

far*P  nf  Above,  Artabotrys  uncinatus;  below,  Uncana 

lace  ot  the  support.  mmUer.  fx  4') 


Above,  Artabotrys  uncinatus;  below,  Uncaria 
gambier.  (x  4) 
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Root  climbers.  Many  climbers  adhere  to  a  support  by  means 
of  numerous  small  roots  which  develop  from  the  stem  (Fig.  217). 

Scramblers.  Climbers  of  the  scrambler  type  are  not  so  defi¬ 
nitely  fastened  to  their  support  as  are  those  of  the  other  types. 
They  are  held  up  more  loosely  by  means  of  thorns  (Fig.  199)  or 
hooks  (Fig.  200).  Climbing  roses  and  raspberries  are  examples 
of  thorn  scramblers.  Hooks  are  more  advantageous  than  thorns, 
as  they  have  a  greater  tendency  to  keep  a  plant  from  slipping 


Fig.  201.  Stems  of  Euphorbia  tirucalli  specialized  for  photosynthesis  and 
water  storage.  (  X  1) 


backward.  The  thorns  or  hooks  may  be  stem  (Figs.  199,  200)  or 
leaf  structures.  Rattans  are  excellent  examples  of  scramblers 
with  hooks  on  the  leaves  (Fig.  95). 

Photos3mthesis  (leaf  function).  The  young  stems  of  green 
plants  contain  chlorophyll  and  carry  on  photosynthesis  to  some 
extent,  and  herbaceous  stems  continue  to  perform  this  function  as 
long  as  they  live.  All  green  stems,  therefore,  perform  to  some  ex¬ 
tent  the  function  which  is  the  primary  one  of  the  leaf.  In  addition, 
numerous  stems  are  specialized  for  photosynthesis  and  take  the 
place  of  leaves  in  the  manufacture  of  sugar.  This  is  the  case  with 
the  so-called  a,sparagus  fern  and  numerous  sedges.  Some  stems 
which  are  specialized  for  photosynthesis  are  round  (Figs.  81,  201, 
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202),  others  are  flattened  (Fig.  203),  and  others  even  have  the  form 
of  leaves  (Figs.  204,  205).  Such  stems  as  those  of  the  cacti  (Figs. 
277,  279)  are  specialized 


both  for  photosynthesis 
and  for  water  storage. 

Absorption  (root  func¬ 
tion).  The  epidermal 
walls  of  submerged 
water  plants  are  not 
cutinized ;  consequently 
both  the  leaves  and  the 
stems  of  such  plants  are 
capable  of  absorbing 
water  and  substances  in 
solution  in  water. 

The  stems  of  some 
parasitic  plants  produce 
emergences  which  enter 
the  tissues  of  the  host  and 
absorb  water  and  food 
material  (Figs.  60,  61). 

The  function  of  an¬ 
chorage,  which  is  one  of 
the  chief  functions  of 
roots,  is  performed  to 
some  extent  by  under¬ 
ground  stems  (Fig.  206), 
as  in  cannas  and  many 
grasses. 

Reproduction  (seed 
function).  Many  plants 
reproduce  by  means  of 
stems  (Fig.  5),  this  being 
by  far  the  mostusual  mode 
of  vegetative  reproduc- 


Fig.  202.  Cross  section  of  a  portion  of  round 
stem  of  Euphorbia  tirucalU  (see  Fig.  201) 

Note  the  wide  cortex  specialized  for  water  stor¬ 
age  a/id  photosynthesis 


tion  in  flowering  plants. 


Two  of  the  most  common  methods  of  stem  reproduction  are  by 
rhizomes  (stems  that  grow  horizontally  in  the  soil)  and  by  runners 
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Fic.  203.  Flattened  stem  of  Mueh- 
lenbeckia  platyclada  specialized  for 
photosynthesis.  (  X 


plants  are  growing.  A  new 
from  a  rhizome  has  a  much  better  start  than 


(stems  that  grow  along  the  sur¬ 
face  of  the  soil).  Both  rhizomes 
and  runners  may  produce  roots 
at  the  nodes.  In  some  species 
the  internodes  do  not  persist 
long,  and  each  new  node  forms  a 
new  plant.  In  other  species  an 
increase  in  the  number  of  plants 
comes  about  only  by  the  branch¬ 
ing  of  rhizomes  and  the  ultimate 
decay  of  the  whole  of  the  older 
portion  formed  before  branch¬ 
ing  took  place  (Fig.  206).  The 
method  of  reproduction  by  run¬ 
ners,  and  especially  by  rhizomes, 
is  well  suited  to  increasing  the 
number  of  plants  in  a  limited 
area  or  to  the  invasion  of  an  area 
next  to  that  in  which  the  parent 
plant  growing 


Fig.  204.  Stem  of  Myrsiphyllum 

1,  scalelike  leaf;  cl,  cladophyll,  or  leaf  like  branch,  growing  in  the  axil  of  the 
leaf;  pcd,  flower  stalk,  growing  in  the  axil  of  a  leaf 


Fic.  205.  Leaflike  branches  of  Phyllocladus  protractus.  (  X  |) 
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one  growing  from  a  seed,  and,  moreover,  the  rhizome  is  already 
in  the  ground,  whereas  the  seed  may  never  reach  the  soil. 


Fig.  207.  Storage  rhizome  of  ginger.  (  X  |) 


Some  stems  grow  up  in  the  air  at  first  and  then,  after  they  be¬ 
come  long,  bend  down  until  they  reach  the  ground,  where  they 
take  root  and  so  produce  new  plants. 


Fhp.  208.  Tui,r  of  potato.  (  x  j)  Fic.  209.  Corn,  of  taro  {Cdocasia 

esculenta) .  (  X  |) 


Storage.  Except  when  the  roots  or  leaves  are  fleshy  and  espe- 

which  food  ts  stored.  In  large  plants,  food  is  stored  at  certain 
p^en^  “<1  the  wood 


Fig.  210.  Section  of  a  potato  tuber 

The  ring  showing  in  the  tuber  is 
the  cambium.  Note  that  it  comes 
near  the  surface  at  the  bud, 
"eye.” 


Fig.  211.  Cross  section  of  large 
stem  of  kohl-rabi 

Note  the  thin  cortex  and  the  nu¬ 
merous  vascular  bundles  with 
secondary  thickening 


Fig.  212.  Cross  section  of  stor¬ 
age  rhizome  of  ginger,  a  mono¬ 
cotyledon 

Note  that  the  cortex  is  clearly 
distinguished  from  the  central 
cylinder.  The  scattered  vascu¬ 
lar  bundles  are  evident.  Com¬ 
pare  Fig.  206 


Fig.  213.  Cross  section  of  corm 
of  taro  (Colocasia  esculenta) 

Note  the  scattered  arrangement 
of  vascular  bundles,  character¬ 
istic  of  a  monocotyledon 
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Some  stems  are  especially  modij&ed  for  the  storage  of  food. 
These  are  usually  underground  stems  such  as  the  rhizomes  of 
ginger  (Figs.  206, 207),  the  tuhers  of  potatoes  (Fig.  208),  or  the  corms 
of  aroids  (Fig.  209).  While  most  stems  that  are  specialized  for  food 
storage  are  underground  ones,  there  are  exceptions.  Some  palms 
have  greatly  thickened  stems  in  which  large  quantities  of  s^rch 


Frc.214.  Hydnop/iytum,anepiphyticpIant  Fir  P  7  j- 
rr,,  ,,  ,  ^  "olypodium  smatum,  a 

me  swollen  base  of  the  stem  is  composed  fleshy  stems 

largely  of  water-storing  tissue  and  con-  inhabited  by  ants.  (  X  4) 
tarns  cavities  inhabited  by  ants,  (x  J) 


Commereinl  j  and  fruits,  after  which  the  stem  dies. 

-  the  trunk  of 

“  ’’“.‘h-the  central  cylinder  and  the 

— SIS " 
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potato  is  a  dicotyledon,  the  larger  part  of 
tile  thickened  stem  is  composed  of  the  central  cylinder  through  which  run 
numerous  vascular  bundles  that  show  secondary  thickening.  The  cortex 
IS  a  thm  outer  layer  (Fig.  211), 

In  ginger,  a^  monocotyledon,  the  central  cylinder  and  the  cortex  are 
clearly  distinguished,  though  both  are  thickened  (Fig.  212). 

In  the  taro  (Colocasia  esculenta) ,  another  monocotyledon,  food  is  stored 
largely  in  the  central 


cylinder,  and  the  cor¬ 
tex  is  relatively  narrow 
(Fig.  213). 

There  are  stems 
which  are  especially 
thickened  and  modi¬ 
fied  for  the  storage  of 
water.  This  is  partic¬ 
ularly  true  of  the  cacti 
(Figs.  277,  279). 

In  the  Malayan 


region  there  are  cer-  216 
tain  curious  epiphytic 
plants  that  may  be 


Branches  of  lime  (Citrus  aur antifolia) 
modified  as  spines.  (  X  ^) 


mentioned  in  this  connection.  The  basal  portion  of  the  stem  is 
greatly  enlarged  and  consists  mostly  of  water-storing  tissue  (Figs. 
214,  215).  In  this  basal  portion  are  conspicuous  labyrinthine 
cavities  which  are  connected  with  the  external  atmosphere  by 
means  of  small  openings.  The  cavities  are  inhabited  by  ants. 
Various  functions  have  been  assigned  to  these  cavities  by  dif¬ 
ferent  botanists,  while  others  think  that  they  have  no  particular 
function.  Some  regard  them  as  devices  for  aeration,  others  con¬ 
sider  that  the  ants  which  inhabit  them  benefit  the  plant  by  leaving 
debris  from  which  the  plant  absorbs  nutrient  material,  while  still 
other  observers  believe  that  the  ants  serve  as  a  means  of  defense 
for  the  plant. 


Protection.  The  spines  of  many  plants  are  modified  branches 
(Figs.  199,  216).  In  some  cases  these  spines  protect  the  plants  to 
some  extent  from  being  eaten  by  browsing  animals. 
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In  general  the  roots  of  a  plant  serve  to  absorb  water  and  min¬ 
eral  matter  from  the  soil  and  to  anchor  the  plant  in  the  ground. 
These  may  be  said  to  be  the  chief  functions  of  roots. 

Absorption  of  water.  The 


stems,  leaves,  and  fruits  of 
plants  are  usually  exposed  to 
high  rates  of  evaporation  in 
the  air,  from  which  they  are 
protected  by  a  covering  that 
is  more  or  less  impervious 
to  water.  This  coating  not 
only  reduces  the  amount  of 
water  that  they  lose  through 
transpiration,  but  at  the 
same  time  prevents  them 
from  absorbing  water  from 
the  atmosphere.  Such  plants 
are  therefore  dependent  on 
their  roots  for  the  absorption 
of  water. 

Absorption  of  minerals. 


Plants  need  not  only  water, 
carbon  dioxide,  and  oxygen, 
but  also  nitrogen,  sulfur, 
phosphorus,  potassium,  cal- 


Fig.  217.  Climbing  stem  of  Raphidophora, 
showing  short  roots  that  attach  the  stem 
to  the  support,  and  long  ones  that  grow  to 
the  ground  and  absorb  water.  (  X  H 


cium,  magnesium,  and  iron.  These  last  elements  are  obtained 
from  the  soil  in  the  form  of  compounds  dissolved  in  water.  Some 
plants  probably  require,  in  addition,  sodium  and  chlorine. 

Anchorage.  Plants  that  are  growing  in  the  ground  need  roots 
no  0  y  or  the  absorption  of  water  and  mineral  matter  but  also 
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in  order  that  they  may  be  anchored  to  the  substratum ;  otherwise, 
erect  plants  would  be  blown  over  by  the  wind,  while  small  creep¬ 
ing  plants  might  be  carried  to  unfavorable  situations.  There  are 
three  different  types  of  root  systems.  Many  dicotyledonous  plants 
develop  a  long  main  root  which  grows  deep  in  the  soil  and  produce 
smaller  secondary  roots ;  such  long  roots  are  called  tap-rooq 
other  cases  the  plant,  in¬ 
stead  of  having  a  tap-root, 
is  anchored  in  the  ground 
by  several  large  secondary 
roots.  Monocotyledonous 
roots,  like  monocotyledon- 
oiis  stems,  do  not  have 
secondary  thickening,  and. 
so  such  roots  never  become 
very  large.  Monocotyle¬ 
donous  plants  are  usually 
anchored  in  the  ground 
by  numerous  small  roots. 

This  is  conspicuously  the 
case  with  large  palms  such 
as  the  coconut. 

Aerial  roots.  Roots  are 
characteristically  subterra¬ 
nean  structures,  but  they 
may  develop  in  the  air. 

Such  is  the  case  with  many 
climbing  plants  (Fig.  217) 
and  also  with  epiphytes 
(Fig.  2).  In  both  of  these  cases  the  roots  still  have  the  functions 
of  absorbing  water  and  anchoring  the  plant.  In  epiphytic  plants 
many  of  the  roots  grow  so  close  to  the  bark  of  the  plant  on  which 
they  are.  found  as  to  become  attached  to  it ;  they  are,  at  the  same 
time,  in  a  fairly  favorable  position  for  the  absorption  of  water. 
Certain  climbing  plants  develop  two  types  of  roots :  small,  short 
roots  which  anchor  the  plant  to  its  support,  and  longer  ones  which 
reach  down  to  the  ground  and  serve  more  particularly  for  the 
absorption  of  water  (Fig.  217). 


Fig.  218.  Radish  with  greatly  thickened 
storage  root.  (  X  1) 
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Incidental  functions.  Roots  have  not  only  the  two  principal 
functions  mentioned  above  but  also  functions  that  are  incidental 
to  these,  as  well  as  other  functions,  such  as  respiration,  which  are 
comrhon  to  all  plant  parts.  We  shall  find  later  that  water  absorbed 
by  the  roots  is  taken  in  very  largely  by  the  small  young  roots.  In 
order  that  this  water  may  reach  the  stem  it  must  pass  through  the 
larger  roots.  In  the  same  way  manufactured  food  which  comes 

down  the  stem  from  the  leaves  can  reach 
the  smaller  roots  only  by  passing  through 
the  larger  ones.  Thus  it  will  be  seen  that 
roots,  like  stems,  have  the  incidental 
function  of  conducting  food  and  water. 
The  cells  in  which  such  conduction  is 
carried  on  are  alike  in  roots  and  stems. 
Roots  also,  like  stems,  serve  for  the  stor¬ 
age  of  food  (the  more  safely  for  being 
underground)  and  are  sometimes  greatly 
thickened  with  storage  tissue  (Fig.  218). 

GROWTH  OF  ROOTS 

Rootcap.  Roots  are  like  stems  in 
having  at  the  tip  a  growing  region, 
called  the  growing  -point.  As  the  growing 
of  Pandanus  tectorius,  show-  point  is  Composed  of  meristematic  cells 
ing  rootcap  which  are  soft  and  have  thin  walls,  ob- 

See  Fig.  234.  (x  J)  viously  it  must  be  protected  in  some 

way;  otherwise  the  meristematic  cells 
would  be  destroyed  while  being  pushed  through  the  soil.  This 
protective  function  is  performed  by  a  cap-shaped  structure,  the 
rootcap,  which  covers  the  growing  point  (Figs.  219,  221).  The 
rootcap  and  the  tip  of  the  root  are  joined  at  the  growing  point, 
which  consists  of  a  small  group  of  meristematic  cells  (Fig.  220). 
The  outer  part  of  the  growing  point  produces  cells  that  are  added 
o  the  rootcap,  while  the  inner  portion  forms  cells  which  increase 
the  length  of  the  root. 

The  rootcap  not  only  protects  the  growing  point  of  the  root 
but  also  serves  as  a  boring  point.  It  is  especially  fitted  for  this 
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function  because  it  is  conical  in  shape,  and  probably  even  more  so 
on  account  of  the  fact  that  the  cell  walls,  or  at  least  the  middle 
lamellae  of  the  old  cells,  become  gelatinous.  This  makes  the  surface 
of  the  rootcap  rather  slimy,  so  that  friction  with  the  soil  particles  is 


Fig.  220.  Longitudinal  section  of  a  tip  of  an  onion  root 

The  growing  point  is  in  the  center  of  the  drawing  and  consists  of  three  regions : 
one  which  produces  the  rootcap,  one  which  gives  rise  to  the  cortex  and  epider¬ 
mis,  and  one  which  forms  the  stele,  (x  270) 

greatly  reduced  and  the  tip  can  move  through  the  soil  more  readily. 
As  the  rootcap  is  pushed  forward  through  the  soil  particles  the 
older  cells  are  rubbed  off  and  are  replaced  by  younger  ones  which 
are  produced  from  the  meristem  at  the  junction  of  the  rootcap  and 
the  tip  of  the  root. 
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Grand  period  of  growth.  A  portion  of  a  root,  like  any  other 
part  of  a  plant,  has  a  grand  period  of  growth  which  can  be  divided 
into  a  phase  of  formation,  a  phase  of  elongation,  and  a  phase  of 


Fig.  221.  Tip  of  root  of  miUet 


Below  is  the  rootcap.  Above  the  cap  is  the  region 
of  elongation,  and  above  this  a  portion  of  the 
root-hair  zone  showing  growth  of  root  hairs. 
(X  35) 


maturation.  As  has 
been  said  before,  the 
cells  that  add  to  the 
length  of  the  root  are 
produced  on  the  basal 
side  of  the  growing 
point.  After  these  cells 
are  cut  off  from  the 
growing  point  they  un¬ 
dergo  a  limited  number 
of  divisions.  The  part 
of  the  root  in  which 
division  is  most  active 
is  in  the  phase  of  for¬ 
mation,  and  the  region 
in  which  this  division 
occurs  may  be  termed 
the  region  of  formation. 
After  dividing  several 
times  the  cells  derived 
from  the  growing  point 
cease  to  divide,  and 
elongate  very  consider¬ 
ably  (Fig.  221).  The  re¬ 
gion  in  which  this  is 
going  on  most  actively 
is  called  the  region  of 
elongation,  and  the  por¬ 
tion  that  is  elongating 


is  in  the  phase  of  elon¬ 
gation.  The  greatest  increase  in  length  of  any  portion  of  a  root 
occurs  while  it  is  in  this  phase.  Fig.  13  gives  an  idea  of  the  elonga¬ 
tion  of  one  cell.  After  a  portion  of  a  root  has  reached  its  mature 
length  the  cells  in  that  part  take  on  their  final  characteristics.  A 
region  in  which  this  is  occurring  is  in  the  phase  of  maturation. 
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In  the  case  of  the  root,  as  in  that  of  the  stem,  the  portion  that 
is  in  the  phase  of  formation  grows  slowly ;  at  the  end  of  the  phase 
of  formation  the  rate  of  growth  increases,  and  continues  to  increase 
until  the  most  rapid  rate  is  reached  during  the  phase  of  elongation  • 
after  this  the  rate  of  growth  in  length  again  decreases  until,  at  the 
end  of  the  period  of  maturation,  growth  ceases  altogether.  Growth 
is  therefore  most  rapid  not  at  the  tip  but  slightly  back  of  the  tip 
in  the  region  of  elongation. 

In  general  the  i  egion  of  elongation  is  much  longer  in  stems  than, 
in  roots.  This  is  probably  connected,  in  part  at  least,  with  the 
fact  that  the  air  offers  very  little  resistance  to  the  growth  of  stems 
while  the  roots,  in  growing  through  the  soil,  meet  with  considerable 
resistance.  If  the  elongating  region  of  a  root,  which  is  composed  of 
soft  tissue,  were  of  considerable  length,  the  resistance  offered  to  its 
movement  through  the  soil  would  cause  it  to  crumple. 

ABSORPTION  OF  MATERIALS 

Root  hairs.  We  have  seen  that  one  of  the  principal  functions  of 
ordinary  roots  is  to  absorb  water.  It  is  therefore  essential  that  they 
should  have  a  large  surface  for  the  performance  of  this  function, 
as  the  larger  the  absorbing  surface  the  greater  the  rate  of  absorp¬ 
tion.  Enlargement  of  the  surface  is  produced  by  the  growth  of 
long,  slender  projections  from  the  cells  of  the  outermost  layer,  or 
epidermis,  of  the  root.  These  projections  are  called  root  hairs 
(Fig.  221).  Root  hairs  are  not  cut  off  from  the  epidermal  cells  but 
are  simply  projections  from  them  (Fig.  222).  Most  of  the  water 
absorbed  by  the  roots  is  taken  in  by  these  hairs.  They  contain  a 
lining  of  protoplasm  within  which  is  a  large  vacuole.  As  a  root 
hair  is  the  most  active  part  of  an  epidermal  cell,  the  nucleus  is 
usually  found  in  the  root  hair. 

Since  root  hairs  serve  largely  for  the  absorption  of  water,  it  is 
not  surprising  to  find  that  many  of  the  plants  that  grow  sub¬ 
merged  in  water  do  not  possess  them. 

Physical  characteristics  of  the  soil.  In  order  to  understand  how 
roots  absorb  substances  from  the  soil  it  will  be  necessary  to  con¬ 
sider  the  physical  characteristics  of  the  soil  itself.  The  soil  is  made 
up  of  small  irregularly  shaped  particles  of  rock  and  decomposing 
organic  matter,  with  spaces  between  the  particles.  If  the  soil  is 
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well  drained  these  spaces  are  largely  filled  with  air.  The  water 
occurs  as  very  thin  films  which  adhere  to  the  soil  particles.  The 
force  by  which  this  water  is  held  is  very  great ;  it  is  so  great  that 
the  water  cannot  all  be  removed  by  evaporation  without  the  ap¬ 
plication  of  heat. 

The  air  found  between  the  soil  particles  is  essential  to  the 
respiration  of  the  roots  of  most  plants.  The  presence  of  air  can  be 
very  clearly  demonstrated  by  putting  a  mass  of  soil  under  water, 

when  the  water  will  displace  the  air  in 
the  spaces  and  the  air  will  be  seen 
leaving  the  top  of  the  soil  in  the  form 
of  bubbles.  Many  plants  cannot  live 
in  a  soil  that  is  flooded,  as  such  a  soil 
does  not  contain  sufficient  oxygen  for 
the  respiration  of  their  roots. 

Contact  of  root  hairs  with  soil  parti¬ 
cles.  The  formation  of  root  hairs  aids 
in  the  absorption  of  water  not  only 
because  it  increases  the  absorbing  sur¬ 
face  but  also  because  the  hairs  come 
in  closer  contact  with  the  soil  particles 
than  would  be  possible  in  the  case  of 
large  roots. 

pc.  222.  SecUon  showing  the  Growth  of  root  hairs.  Root  hairs 

millet  root.  (  X  280)  grow  out  at  right  angles  from 

the  surface  of  the  roots,  but  when 
they  are  in  the  soil  they  soon  meet  with  soil  particles  and  are 
thus  turned  aside.  In  doing  this  their  surfaces  conform  to  those 
of  the  particles  around  which  they  grow,  so  that  they  are  in  very 
intimate  contact  with  the  soil  particles.  Growth  in  root  hairs 
occurs  only  at  the  tip,  which  is  protected  by  having  a  thickened 
wall  (Fig.  222).  Growth  at  any  point  other  than  the  tip  would 
loosen  the  attachment  of  the  hairs  to  the  soil  particles. 

Location  of  root  hairs.  Root  hairs  do  not  occur  at  the  tip  of  the 
root  or  in  the  region  of  elongation.  If  they  did  occur  in  these 
places,  they  would,  on  account  of  their  close  contact  with  the  soil 
particks,  be  likely  to  be  broken  as  the  tip  was  pushed  through  the 
sod.  Root  hairs  are  ephemeral  structures,  and  after  they  have 
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functioned  for  a  short  time  they  dry  up  and  disappear,  so  that  they 
occur  in  only  a  short  zone,  which  is  called  the  root-hair  zone. 

Anchorage  by  root  hairs.  The  close  contact  of  the  root  hairs 
with  the  soil  particles  is  of  advantage  in  more  ways  than  simply 
for  absorbing  water  and  minerals  from  the  soil.  The  contact  with 
the  soil  particles  is  so  close  that  when  the  root  is  pulled  from  the 
soil  either  the  hairs  are  broken  off  or  the  soil  particles  adhere  to 
the  roots  (Figs.  223,  224).  This  adhesion  of  the 
■hairs  to  the  soil  particles  aids  in  anchoring  the 
plant  in  the  ground.  It  is  also  of  advantage  in 
that  the  part  of  the  root  which  bears  the  root  hairs 
is  firmly  anchored,  so  that  when  the  more  apical 
portion  increases  in  length  the  root-hair  zone  is 
held  firmly  in  position  and  the  tip  is  shoved  forward. 

Absorption  of  water.  The  cell  wall  of  the  root 
hair  is  lined  with  a  thin  layer  of  protoplasm,  within 
which  is  a  large  vacuole  that  has  sugar  and  other 
substances  dissolved  in  it.  The  protoplasm  acts  as 
a  semipermeable  membrane  around  the  vacuole, 
while  the  plasma  membrane  which  bounds  the 
cytoplasm  is  a  semipermeable  ipembrane  around 
the  remainder  of  the  protoplasm.  The  osmotic 
pressure  in  the  root  hair  is  greater  than  that  of  png  of"  radii 
the  surrounding  soil  water,  and  so  water  is  drawn  showing  root 
from  the  soil  into  the  root  hair.  Osmotic  pressure 

1  .  ,  ,  ,  .  .  ,1  „  in  moist  air. 

IS  also  instrumental  m  causing  the  movement  of  ( x  i|) 
water  from  cell  to  cell  in  the  cortex  of  the  root. 

Passage  of  water  through  the  cortex.  When  water  passes  into 
a  root  hair,  it  goes  from  a  solution  with  a  low  osmotic  pressure  to 
one  with  a  high  osmotic  pressure ;  when  it  passes  from  the  paren¬ 
chyma  cells  to  the  vessels,  the  reverse  iS'  the  case ;  but  the  water 
is  frequently  forced  into  the  vessels  under  considerable  pressure. 
This  is  clearly  shown  in  the  bleeding,  or  exudation  of  water,  from 
the  stems  of  many  plants  after  the  upper  part  of  the  plant  has  been 
removed.  The  bleeding  seems  to  be  due  to  great  turgidity  and 
high  turgor  pressure  in  the  parenchyma  cells.  When  pressure 
within  the  cells  becomes  sufficiently  great,  water  and  other  sub¬ 
stances  to  which  the  protoplasm  is  permeable  appear  to  be  forced 
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out  of  the  cells  under  pressure;  but  this  process  is  not  fully 
understood. 

Turgor  pressure.  The  pressure  of  bleeding  is  often  designated 
as  root  pressure  because  when  plants  are  turgid  the  roots  usually 
produce  such  a  pressure.  Turgor  pressure  is  a  more  appropriate 
name,  however,  as  pressure  of  a  similar  nature  may  be  produced  in 
other  parts  of  plants. 

Turgor  pressure  of  roots  cannot  be  consid¬ 
ered  as  an  .explanation  of  the  movement  of 
water  up  the  stem,  as  such  pressure  can  occur 
only  when  the  parenchyma  cells  of  the  root  are 
turgid,  and  this  is  not  usually  the  case  when 
transpiration  is  active  and  the  movement  of 
water  most  rapid.  At  such  times  there  is  little 
or  no  turgor  pressure,  and  water  may  be  ab¬ 
sorbed  by  the  stump  of  a  decapitated  stem 
instead  of  being  exuded  from  it. 

Bleeding  is  largely  responsible  for  the  exuda¬ 
tion  of  maple  sap  or  the  sweet  juices  from  palm 
inflorescences  (Figs.  155,  156)  that  have  been 
cut  and  that  yield  sugar  or,  after  fermentation, 
produce  alcoholic  beverages  or  vinegar.  The 
Mexican  alcoholic  beverage  known  as  pulque 
has  a  similar  origin,  as  it  is  the  fermented  juice 
obtained  from  agave  plants  from  which  the  buds 
have  been  removed. 

the  ,nil  mtaerals.  The  water  around 

wall  t  to  tut  to  the  cell 

The  mineral  ll  Tl  1*''  ‘he  hair, 

toto  thirtm  7  1  “  ‘““I®  diffuse 

of  fhfoelT  In  thi,  ’ . 

passes  from  the  soil  into 


Fig.  224.  Seedling 
of  radish  from  seed 
planted  in  the  soil 

Note  the  adherence 
of  soil  to  root  hairs 
and  compare  with 
Fig.  223.  (X  li) 
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mineral  inatter  through  the  plasma  membrane  is  independent  of 
the  movement  of  the  water. 

By  the  use  of  a  piece  of  parchment  paper  separating  a  solu¬ 
tion  of  sugar  from  pure  water  it  is  very  easy  to  demonstrate  that 
the  movement  of  a  solvent  and  the  movement  of  the  solute  through 
a  membrane  may  be  independent  of  each  other.  The  volume  of 
the  sugar  solution  will  increase,  showing  that  it  has  absorbed 
water,  while  at  the  same  time  some  of  the  sugar  will  pass  in  the 
opposite  direction  into  the  pure  water.  The  movement  of  water 
in  one  direction  and  of  a  dissolved  substance  in  the  opposite  di¬ 
rection  through  the  same  membrane  at  the  same  time  can  be 
strikingly  shown  by  the  use  of  the  thistle-tube  apparatus  shown 
in  Fig.  75.  The  bulb  of  the  thistle  tube  is  filled  with  concentrated 
sugar  solution,  a  piece  of  parchment  paper  is  tied  over  the  mouth 
of  the  bulb,  the  tube  is  inverted,  and  the  bulb  is  immersed  in  dis¬ 
tilled  water.  Water  is  drawn  into  the  sugar  solution,  as  is  shown 
by  the  fact  that  the  latter  rises  in  the  thistle  tube.  If  now  we  re¬ 
peat  the  same  experiment  with  the  addition  of  coloring  the  sugar 
solution  with  eosin,  the  sugar  solution  still  rises  in  the  tube  while 
some  of  the  eosin  passes  out  through  the  parchment  paper  and 
colors  the  distilled  water.  In  other  words,  the  movements  of  the 
eosin  and  the  water  are  independent. 

Accumulation  of  mineral  matter  in  a  plant.  As  movement  by 
diffusion  is  always  from  a,  greater  to  a  less  concentration,  a  given 
kind  of  mineral  matter  would  be  expected  to  enter  a  plant  only  so 
long  as  the  concentration  of  that  particular  substance  was  greater 
outside  than  inside  the  plant.  The  original  substance,  however, 
after  entering  a  plant,  is  usually  combined  with  others  in  such  a 
way  that  it  no  longer  exists  in  the  same  form  as  in  the  soil  water. 
In  this  way  the  concentration  of  a  given  substance  may  remain 
greater  outside  than  inside,  even  though  it  is  absorbed  in  large 
quantities.  Owing  to  this  fact  a  plant  may  accumulate  a  much 
greater  proportion  of  a  given  element  than  is  found  in  the  soil 
water. 

Inasmuch  as  the  diffusion  of  mineral  matter  dissolved  in  water 
is  independent  of  the  diffusion  of  the  water  itself,  an  increase 
in  the  amount  of  water  absorbed  by  a  plant  would  not  increase 
the  amount  of  mineral  matter  absorbed  if  the  water  moved  in  the 
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plant  only  by  diffusion.  It  is  only  owing  to  the  fact  that  the  water 
in  the  vessels  moves  as  a  steady  stream,  and  not  by  diffusion,  that 
transpiration  can  increase  the  amount  of  mineral  matter  taken  in 
by  a  plant. 

It  is  indeed  questionable  how  far  transpiration  can  cause  an 
accumulation  of  mineral  matter  in  a  plant.  If  any  given  mineral 
substance  should  accumulate  anywhere  in  the  plant  in  greater 
concentration  than  it  occurs  in  the  soil,  it  would  tend  to  diffuse 
to  a  region  of  lower  concentration  and  finally  to  the  soil  water. 
It  is  only  as  a  given  mineral  substance  is  changed  into  some  other 
substance  that  the  elements  composing  it  can  accumulate  in  the 
plant  to  a  much  greater  extent  than  that  in  which  they  occur  in 
the  soil  water. 

Elements  obtained  from  the  soil.  There  are  ten  elements  which 
are  universally  regarded  as  essential  for  the  higher  plants.  The 
three  which  are  found  in  carbohydrates  (that  is,  carbon,  hydrogen, 
and  oxygen)  are  obtained  from  carbon  dioxide  and  water.  Carbon 
comes  from  carbon  dioxide,  hydrogen  from  water,  and  oxygen 
from  both  carbon  dioxide  and  water. 

There  are  seven  elements  which  must  be  obtained  from  the 
soil.  These  are  nitrogen,  sulfur,  phosphorus,  magnesium,  iron, 
calcium,  and  potassium.  Three  of  these  are  necessary  for  the  man¬ 
ufacture  of  plant  proteins.  These  are  nitrogen,  sulfur,  and 
phosphorus.  Nitrogen  is  a  prominent  constituent  of  all  proteins  ; 
sulfur  is  found  in  proteins  in  small  amounts,  but  nevertheless  is 
necessary  for  the  building  up  of  plant  proteins ;  phosphorus  is  an 
essential  constituent  of  the  conjugated  proteins  of  the  nucleus. 

Two  of  the  mineral  elements  from  the  soil  are  necessary  for  the 
formation  of  chlorophyll.  These  are  iron  and  magnesium.  Iron 
does  not  enter  into  the  chlorophyll  molecule,  but  chlorophyll  can¬ 
not  be  formed  except  in  the  presence  of  iron.  Magnesium  is  one 
of  the  elements  in  chlorophyll. 

Calcium  is  a  constituent  of  the  calcium  pectate  of  the  middle 
lamella.  Calcium  is  often  deposited  very  abundantly  in  the  form 
of  calcium  oxalate,  which  is  a  combination  of  calcium  and  oxalic 
acid  (Figs.  22-24).  The  calcium  appears  to  neutralize  the  harm¬ 
ful  effect  of  the  oxalic  acid  which  is  formed  as  a  by-product  of 
metabohsm.  Potassium  is  ,  needed  in  considerable  quantities,  and 
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appears  to  play  an  important  role  in  vital  activities,  as  it  is  abun¬ 
dant  in  meristematic  regions  and  cells  rich  in  protoplasm. 

The  above  account  is  by  no  means  a  complete  description  of 
the  physiological  uses,  of  the  elements  mentioned.  The  functions 
of  some  of  the  mineral  elements  are  very  complicated  and  are 
often  rather  obscure. 


SOIL 

Texture  of  soil.  Soils  are  composed  of  particles  which  are 
classified  according  to  their  size  as  gravel,  sand,  silt,  and  clay. 
These  divisions  are  arbitrary,  and  the  size  limits  assigned  to  the 
various  classes  by  different  authorities  are  not  always  the  same. 
Particles  over  1  millimeter  in  diameter  may  be  regarded  as  gravel 
or  rock ;  those  between  0.05  millimeter  and  1  millimeter,  as  sand ; 
those  between  0.005  millimeter  and  0.05  millimeter,  as  silt;  and 
those  less  than  0.005  millimeter,  as  clay.  A  soil  containing  a  large 
proportion  of  sand  is  called  a  sandy  soil,  one  with  much  clay  a 
clay  soil,  while  soils  that  are  intermediate  are  Zoams. 

The  amount  of  water  held  by  a  soil  varies  with  the  total  sur¬ 
face  of  the  particles,  and  so  clay,  being  more  finely  divided  than 
sand,  holds  more  water  than  sand,  which  dries  out  rather  quickly. 

Movement  of  water  in  soil.  During  a  rain,  water  enters  the 
spaces  in  the  soil  and  expels  the  air.  The  action  of  gravity  tends 
to  carry  the  water  down  into  the  soil,  but  films  are  left  around 
the  soil  particles.  The  downward  movement  of  the  water  is  known 
as  'percolation.  After  the  rain  has  ceased,  air  is  drawn  into  the  soil 
as  the  water  moves  downward.  Percolation  continues  until  it 
reaches  a  region  (the  'inater  table)  in  which  all  the- spaces  are  occupied 
by  water.  The  percolation  of  water  is  most  rapid  in  coarse  soils 
and  slowest  in  fine  soils.  In  clay  soil,  percolation  may  be  so  slow 
that  after  the  upper  layers  have  become  saturated  much  water  runs 
off  the  surface,  while  the  underlying  layers  remain  relatively  dry. 

The  percolation  of  water  is  very  important,  as  by  this  means 
a  reserve  supply  is  carried  to  lower  levels.  The  s.oil  loses  water  by 
evaporation  from  the  surface,  with  the  result  that  water  is  drawn  up 
from  the  lower  levels  in  much  the  same  way  as  oil  moves  up  a  wick. 
Also,  when  a  plant  absorbs  water  from  the  soil  particles  in  contact 
with  the  root  hairs,  water  is  drawn  from  more  moist  particles 
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to  those  from  which  the  plant  has  taken  water.  It  is  owing  to 
this  movement  of  soil  water  that  a  soil  dries  out  rather  uniformly. 

Water  is  drawn  up  in  loam  more  rapidly  than  in  sand  or  clay. 
The  attraction  of  a  soil  for  water  increases  with  the  total  surface 
of  the  particles;  consequently  loam  draws  water  with  greater 
force  than  does  sand.  According  to  this  reasoning  we  should  ex¬ 
pect  clay  to  draw  water  more  rapidly  than  loam ;  but  clay  is  com¬ 
posed  of  such  small  particles,  and  the  spaces  between  the  particles 
are  so  small,  that  water  is  held  with  great  force  and  there  is  less 
tendency  for  the  water  to  percolate  or  be  drawn  up  than  in  the 
case  of  loam. 

Loam  allows  sufficient  water  to  percolate  through  it,  and  then 
draws  it  up  again  with  considerable  rapidity.  For  this  reason  loam 
is  better  for  agricultural  purposes  than  is  either  sandy  soil  or  clay. 
Moreover,  the  air  spaces  are  large  enough  to  allow  for  sufficient 
aeration,  which  is  not  likely  to  be  the  case  with  clay. 

The  upward  movement  of  water  takes  place  in  the  films  around 
the  particles,  and  so  any  interference  with  the  continuity  of  the 
films  tends  to  retard  the  movement.  Water  can  be  conserved  by 
working  the  soil  near  the  surface  into  a  mulch,  or  loose  layer,  as 
by  this  means  the  continuity  of  the  films  is  interrupted,  so  that 
water  is  not  drawn  to  the  surface,  where  it  would  be  lost  by  evapo¬ 
ration.  That  water  is  drawn  to  the  surface  to  a  greater  extent  in 
compact  than  in  loose  soil  is  shown  in  the  case  of  footprints  in  a 
cultivated  field.  The  soil  under  the  footprints  is  more  compact 
than  the  surrounding  soil,  and  has  a  darker  color  due  to  the  greater 
amount  of  water  that  it  contains. 

Soil  structure.  The  term  soil  structure  is  used  to  denote  the 
manner  in  which  the  particles  are  arranged  in  a  soil.  When  the 
fine  particles  are  aggregated  in  granules,  the  soil  is  said  to  have 
a  granular,  or  crumb,  structure.  Such  a  soil  is  loose  and  friable 
and  is  considered  to  be  in  good  physical  condition.  If  a  clay  soil 
is  worked  when  it  is  wet,  the  granular  structure  is  destroyed  and 
the  soil  becomes  compact  and  poorly  aerated.  The  soil  is  then  in 
poor  physical  condition.  The  wet  condition  is  very  persistent,  and 
at  the  same  time  the  soil  is  impervious  to  the  percolation  of  any 
water.  As  the  clay  soil  in  this  wet  condition  dries  it  shrinks  and 
cracks,  thus  forming  hard,  tenacious  clods. 
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Weight  of  soil.  A  given  volume  of  sand  is  heavier  than  the  same 
volume  of  clay,  as  the  weight  of  the  individual  grains  of  sand  is  suf¬ 
ficient  to  overcome  considerable  friction  and  to  cause  the  particles 
to  be  compactly  arranged,  so  that  the  pore  space  is  decreased  to  a 
greater  extent  than  is  the  case  with  lighter  particles  such  as  clay. 

Water  has  a  tendency  to  bind  soil  particles  together,  as  is  shown 
in  the  case  of  sand,  which  can  be  molded  to  some  extent  when  wet 
but  falls  apart  when  dry.  Owing  to  the  greater  amount  of  surface 
afforded  by  the  small  particles  of  clay,  water  binds  particles  of 
clay  together  with  much  more  force  than  it  does  grains  of  sand.  It 
is  partly  for  this  reason  that  clay  is  tenacious  and  harder  to  plow 
than  sand,  and  it  is  owing  to  these  properties  that  a  farmer  regards 
clay  as  a  heavy  soil  and  sand  as  a  light  soil. 

Water  absorption  and  transpiration.  When  soil  contains  a 
considerable  quantity  of  water,  it  gives  up  water  to  plants  more 
readily  than  when  it  is  dry.  The  amount  of  water  in  the  soil  may 
therefore  be  a  very  important  factor  in  determining  whether  or 
not  a  given  rate  of  transpiration  is  excessive.  In  order  that  a  plant 
may  live  it  must,  over  an  extensive  period,  absorb  as  much  water 
as  it  loses  through  transpiration.  If  the  rate  of  transpiration  con¬ 
tinues  to  be  greater  than  the  rate  of  absorption,  the  plant  will 
ultimately  wither  and  die.  When  there  is  a  sufficient  supply  of 
water  in  the  soil,  a  plant  may  be  able  to  replace  the  amount  of 
wmter  lost,  even  when  the  rate  of  transpiration  is  .comparatively 
high ;  if  there  is  less  water  in  the  soil,  the  same  rate  of  transpiration 
may  cause  the  plant  to  succumb  to  drought. 

Available  soil  moisture.  Plants  not  only  cannot  absorb  water 
as  rapidly  from  a  dry  soil  as  from  a  moist  soil,  but  they  will  wilt 
long  before  all  the  water  is  removed  from  the  soil.  When  the  water 
is  reduced  below  a  certain  amount,  a  plant  cannot  absorb  it  fast 
enough  to  replace  loss  through  transpiration,  and  so  wilting  ensues. 
Therefore  not  all  the  water  that  is  in  the  soil  is  available.  The 
percentage  of  water  that  is  left  in  a  soil  when  a  plant  wilts  is  called 
the  wilting  coefficient  of  that  soil.  This  wilting  coefficient  varies 
with  different  soils,  being  higher  with  fine  soil  than  with  coarse 
soils.  It  a, Iso  varies  with  the  rate  of  evaporation,  as  a  plant  will 
wilt  with  more  water  in  a  soil  when  the  rate  of  transpiration  is  high 
than  when  it  is  low. 
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Effects  of  cultivation.  Cultivation  destroys  weeds  and  renders 
the  soil  more  porous,  so  that  it  is  better  aerated,  water  is  absorbed 
readily,  and  roots  can  penetrate  it  easily.  As  has  already  been 
pointed  out,  cultivation  of  the  surface  layers  may  decrease  the 
amount  of  water  lost  from  the  soil  through  evaporation. 

Humus.  Soils  contain  varying  quantities  of  dark-colored  de¬ 
caying  organic  matter  known  as  humus.  It  is  owing  to  the  pres¬ 
ence  of  humus  in  soil  that  the  soil  is  usually  darker-colored  than 
the  subsoil.  As  a  source  of  nitrogen,  humus  is  a  very  important 
constituent  of  soils.  It  is  also  valuable  in  other  ways.  Humus  has 
great  capacity  for  absorbing  water  and  so  may  have  great  value 
in  increasing  the  water-holding  capacity  of  a  soil.  Clay  soil  is 
rendered  more  porous  by  the  presence  of  humus. 

Organisms  in  the  soil.  In  addition  to  containing  the  roots  of 
plants,  the  soil  is  the  home  of  a  large  variety  of  organisms  which 
have  great  influence  on  soil  fertility.  Green  plants  can  utilize  ma¬ 
terials  only  when  they  are  in  the  form  of  simple  compounds,  and 
so  the  remains  from  plants  and  animals  must  be  decomposed 
before  they  are  available  to  the  higher  plants.  Animals  take  part 
in  this  process.  Earthworms  break  down  organic  materials  and 
also  mix  the  soil.  Bacteria  and  fungi  are  very  numerous  in  the 
soil  and  are  most  important  agekts  for  the  decomposition  of 
organic  material.  When  nitrogenous  compounds  are  broken  down, 
the  chief  end  product  is  ammonia.  In  the  soil  are  bacteria  which 
oxidize  the  ammonia  to  nitrites  and  others  which  oxidize  the 
nitrites  to  nitrates,  the  form  in  which  nitrogen  is  most  readily 
absorbed  by  green  plants.  These  nitrifying  bacteria  are  very  im¬ 
portant  in  preserving  the  fertility  of  the  soil,  because  without  them 
much  of  the  ammonia,  which  is  a  gas,  would  escape  and  be  lost  in 
the  atmosphere.  From  the  standpoint  of  soil  fertility  other  soil 
bacteria  known  as  nitrogen-fixing  bacteria  are  most  important. 
These  bacteria  have  the  ability  to  assimilate  the  free  nitrogen  of 
the  air ;  through  their  activity  combined  nitrogen  is  added  to  the 
soil  and  can  be  used  by  higher  plants.  Nitrifying  and  nitrogen¬ 
fixing  bacteria  are  described  at  greater  length  in  a  later  chapter. 
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THE  ANATOMY  OF  ROOTS 

General  regions.  The  general  internal  structure  of  stems  and 
roots  is  very  similar.  In  both  cases  there  is  a  central  stele  which  is 
surrounded  by  a  cortex  (Figs.  225,  226).  In  stems  this  is  in  turn 
surrounded  by  an  epidermis.  Some  authorities  maintain  that  in 
roots  there  is  no  true  epidermis,  but  that  this  structure  is  repre¬ 
sented  morphologically  in  the  formation  of  the  primary  rootcap. 
Others,  however,  contend  that  the  outermost  layer  of  the  root  is 
morphologically  an  epidermis,  but  that  it  is  not  such  physiologi¬ 
cally,  as  it  is  an  absorbing  and  not  a  protective  structure.  These 
theoretical  considerations  need  not  concern  us  here ;  for  the  sake 
of  simplicity  we  may  regard  the  outermost  layer  of  the  root  as  an 
epidermis. 

Epidermis.  The  epidermis  of  a  root  is,  as  we  have  seen,  very 
different  in  structure  and  function  from  that  of  stems  and  leaves, 
but  agrees  with  that  of  the- latter  in  being  a  single  layer  of  cells. 

Roots  that  grow  underground  are  not  exposed  to  high  rates  of 
evaporation,  and  so  they  do- not  need  to  have  cutinized  walls  to 
protect  them  from  transpiration.  Moreover,  if  their  walls  were 
cutinized  or  thickened,  this  would  interfere  with  the  absorption  of 
water.  The  walls  are  thin,  soft  cellulose  membranes.  The  prin¬ 
cipal  peculiarity  of  these  cells  consists  in  the  presence  of  the  long 
root  hairs,  the  structure  and  function  of  which  have  already  been 
discussed. 

Stele.  The  general  structure  of  monocotyledonous  and  dicoty¬ 
ledonous  roots  is  very  similar  (Figs.  226,  227).  This  applies  to 
the  arrangement  of  vascular  bundles  as  well  as  to  other  features, 
and  is  strikingly  in  contrast  with  the  great  difference  in  arrange¬ 
ment  of  bundles  in  monocotyledonous  and  dicotyledonous  stems. 

The  stele  of  roots  is  usually  much  smaller  in  comparison  with 
the  cortex  than  is  the  case  with  stems  (Figs.  226,  227).  This  is  due 
to  the  greater  centralization  of  the  thick-walled  elements  in  roots 
than  in  stems,  which  is  connected  with  the  fact,  as  previously  ex¬ 
plained,  that  the  stress  which  roots  have  to  withstand  is  largely 
longitudinal  tension. 

The  center  of  the  stele  may  be  occupied  by  thin-wall  pith  cells, 
by  thick-walled  sclerenchymatous  cells,  or  by  one  or  more  xylem 


Fig,  225.  Portion  of  section  of  root  of  a  monocotyledonous  plant  (Hedychium 
coronarium) ,  showing  stele  and  portion  of  cortex  and  epidermis 


e,  epidermis ; 


c,  cortex;  en,  endodermis;  p,  pericycle;  ph,  phloem;  v,  xylem 
vessel.  (X  85) 


The  Root 


221 


vessels.  Around  this  central  portion  the  xylem,  as  seen  in  cross 
section,  is  arranged  in  rays  which  are  usually  widest  near  the  center 
and  taper  toward  the  outside  (Figs.  226,  227).  The  phloem  occurs  in 
groups  between  the  xylem  regions,  and  not  exterior  to  the  xylem, 
as  in  stems.  The  alternate  arrangement  of  the  xylem  and  phloem 
is  apparently  connected  with  the  absorbing  function  of  roots.  As 


Fig.  226.  Cross  section  of  root  of  a  species  of  Wandering  Jew  iCommelina), 
a  monocotyledonous  plant 

e,  epidermis ;  c,  cortex ;  &fi,  endodermis ;  pa,  passage  cell  j  ps,  pericycle , 
p/i,  phloem;  x,  xylem.  (x  55) 

the  phloem  is  not  at  the  outside  of  the  xylem,  water  may  pass 
straight  from  the  epidermis  to  the  xylem  without  going  through 
the  phloem. 

Pericycle.  The  outermost  part  of  the  stele  is,  as  in  stems,  the 
pericycle.  In  roots  the  pericycle  never  contains  sclerenchyma  cells 
but  is  composed  altogether  of  parenchyma  cells,  and  usually  con¬ 
sists  of  only  a  single  layer  (Figs.  226,  230). 


\ 


Flc.  227.  Cross  section  of  young  root  of  a  dicotyledonous  plant,  mungo  bean 
{Phaseolus  radiatus) 

In  the  stele  there  are  four  rows  of  xylem  vessels,  the  protoxylem,  one  of  which 
is  labeled  x.  Alternating  with  the  xylem  is  the  phloem,  ph.  (x  70) 


Fig.  228.  Cross  section  of  a  portion  of  root  of  Wandering  Jew  {Commelina), 
showing  endodermis  and  passage  cell 

mssaTe^^lfk  the  "ft  cells  running  across  the  drawing;  the 

passage  cell  is  the  thm-walled  cell  m  this  row.  Note  the  xylem  below  the  pas¬ 
sage  cell.  (X  300) 
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Cortex.  The  cortex  lies  between  the  stele  and  the  epidermis. 
The  innermost  layer  of  the  cortex  in  the  stem  is  known  as  the 
starch  sheath.  In  roots  this  layer  is  called  the  endodermis.  The 
walls  of  the  cells  of  ’ 


the  endodermis,  and 
particularly  the  radial 
ones,  are  partially  cu~ 
tinized.  The  walls 
may  remain  thin  (Fig. 
230)  or  they  may  be 
thickened  (Figs.  225, 
226).  In  the  latter 
case  all  the  walls  may 
be  equally  thickened, 
but  usually  the  radial 
and  inner  walls  are 
thicker  than  the  outer 
walls.  Certain  cells 
found  in  the  endoder¬ 
mis  near  the  ends  of 
the  xylem  rays  (Figs. 
226, 228)  remain  thin- 
walled  as  long  as  that 
part  of  the  root  is  ab¬ 
sorbing  water  through 
its  root  hairs.  Such 
thin-walled  cells  are 
called  passage  cells  and 
apparently  serve  as 
passageways  for  water 
going  from  the  cortex 
into  the  stele.  Anen- 


Fig.  229.  Longitudinal  section  of  a  portion  of  an 
onion  root,  showing  internal  origin  of  branch 
root.  (X  175) 


dodermis  containing  thick-walled  cells  and  passage  cells  appeafs 
to  direct  the  movement  of  water  so  that  it  shall  pass  directly  to 
the  xylem  and  not  through  the  phloem.  Thus  it  enters  the  xylem 
and  is  conducted  upward  without  getting  into  the  sieve  tubes  and 
diluting  their  contents.  In  old  parts  of  roots  the  cortex  often  dis¬ 
appears  and  the  endodermis  functions  as  an  epidermis  (Fig.  232), 
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The  endodermal  cells  fit  close  together,  so  that  there  are  no  air 
spaces  between  them.  As  there  are  air  spaces  between  the  other 
cells  of  the  cortex,  the  lack  of  .them  in  the  endodermis  would 
appear  to  decrease  the  diffusion  of  air  into  the  vascular  tissues. 


Fig.  230.  Cross  section  of  root  of  mungo  bean  (Phaseolus  radicUus)  older  than 
that  shown  in  Fig.  227 

e,  epidermis,  c,  cortex;  en,  endodermis:  p,  pericycle;  ca,  cambium  region; 
p/i,  phloem;  px,  protoxylem ;  mx,  metaxylem.  (x85) 

The  part  of  the  cortex  outside  of  the  endodermis  is  frequently 
composed  of  parenchyma  cells  only.  .These  cells  may  serve  for 
the  slow  movement  and  storage  of  food.  As  in  the  case  of  stems, 
the  cortex  in  young  roots  is  of  importance  in  giving  rigidity.  This 
is  done  by  means  of  turgor.  The  epidermis  of  the  root  is  usually 
m  ephemeral  structure.  In  many  cases  the  cell  walls  of  the  outer 
layers  of  the  cortex  become  thickened,  and  these  layers  take  the 
place  of  the  epidermis. 
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The  cortex  of  the  root  does  not  contain  collenchyma,  as  does 
that  of  many  stems.  In  stems  the  collenchyma  usually  forms  a 
continuous  band  in  the  outer  part  of  the  cortex.  As  was  previously 
explained,  this  distribution  of  collenchyma  is  connected  with  the 
resistance  which  stems  have  to  offer  to  bending  stresses.  As  roots 


Fic.  231.  Cross  section  of  central  portion  of  root  of  mungo  bean  (Phaseolus 
radiatus)  after  secondary  xylem  has  been  formed  from  the  cambium 

e,  endodermis ;  p,  pericycle ;  ph,  phloem ;  ca,  cambium ;  px,  primary  xylem ; 
sx,  secondary  xylem.  (x  115) 

are  not  subject  to  the  same  type  of  stresses,  there  is  not  the  same 
necessity  for  the  development  of  collenchyma. 

Roots  that  are  in  the  ground  cannot  carry  on  photosynthesis, 
and  in  such  cases  chlorophyll  is  not  developed  in  the  cortex.  In 
roots  which  normally  are  exposed  to  the  light,  however,  chlorophyll 
is  frequently  developed  in  the  parenchyma  cells  of  the  cortex,  and 
in  this  case  the  cells  are  chlorenchyma  cells. 

Branch  roots.  The  branches  of  stems  originate  as  superficial 
outgrowths  in  which  both  the  epidermis  and  the  underlying  tissues 
take  part.  The  cortex  and  epidermis  of  the  branch  and  those  of 
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the  main  stem  are  therefore  continuous.  In  roots,  on  the  other 
hand,  a  branch  originates  in  the  pericycle  and  forces  its  way 
through  the  cortex  and  epidermis,  breaking  these  tissues  as  it 
grows  (Fig.  229).  Owing  to  their  method  of  origin,  therefore,  the 


Fk.  232.  Cross  section  of  tool  of  mongo  bean  (Pfcoseofus  radiMm)  after  all 
of  the  cortex  except  the  endodermis  has  disappeared 

e,  endodermis;  P- phloem ;  px  primary  xylem ;  sx,  secondary 
xylem ;  r,  pith  ray.  ( x  80) 


thfSerm’io  Continuous  with 

the  epidermis  and  the  cortex  of  the  main  root. 

thickening.  Dicotyledonous  roots,  like  diootyle- 

oambium  ""in  “  thickness  owing  to  the  activity  of  the 

The  heo-'  ■  roots  there  is  no  cambium  (Fig.  227) 

^  tL .of  “ry  thickening  is  4iated 

ofeacl  ofTe  nr  ^  “  “'O  etele  on  the  inner  side 

each  of  the  groups  of  phloem  (Pig.  230).  Subsequently  this 
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cSjinbiiini  extonds  9<roiiiid  the  outer  end  of  the  mys  of  the  xylenij 
so  that  it  forms  a  convoluted  cylinder  (Fig.  230).  By  the  activity 
of  the  cambium,  secondary  phloem  is  formed  on  the  inner  side  of 
the  primary  phloem.  The  secondary  xylem  is  not  formed  next 
to  the  primary  xylem  but  opposite  the  secondary  phloem  (Fig. 

231) ,  while  a  pith  ray  is  formed  exterior  to  each  of  the  primary 
rays  of  xylem  (Figs.  231, 

232) .  Although  at  first 
the  cambium  has  the  form 
of  a  convoluted  cylinder, 
the  convolutions  are  soon 
straightened  out  by  un¬ 
equal  rates  of  growth  in 
different  places,  and  the 
cambium,  as  seen  in  the 
cross  section,  becomes  a 
regular  circle  (Fig.  232). 

The  subsequent  activity 
of  the  cambium  in  the 
root  is  similar  to  that  in 
the  stem. 

/ 

SPECIALIZED  ROOTS 

The  chief  functions  of 
roots  are  the  absorption 
of  water  and  mineral 
matter  and  the  anchor-  Fig.  233.  TaeniopAyZlum,  a  leafless  epiphytic 
age  of  the  plant.  Some  "I"!';*  ph«o- 

parasites  have  specialized 

roots  that  produce  haustoria  (Fig.  8)  which  perform  these  func¬ 
tions.  Moreover,  roots,  like  other  organs,  may  be  specialized  for 
functions  which  are  not,  in  general,  characteristic  of  the  organ 
concerned. 

Such  specialized  roots  may  be  classified  according  to  their 
functions  under  the  following  headings  :  photosynthesis  (leaf  func¬ 
tion),  support  (stem  function),  reproduction  (seed  function),  siomfifej, 
and  aeration. 


Photosynthesis  (leaf  function).  Underground  roots  are  not 
exposed  to  the  light,  and  so  are  not  in  a  position  to  carry  on  pho- 


Fig.  234.  Pandanus  tectorius  with  ^op.roots.  (  X  -is) 

This  plant  is  very  common  along  the  strm^  in  the  Eastern  tropics 
and  is  planted  throughout  the  tropics  as  an  ornamental  plant 

tosynthesis.  Such  roots  do  not  develop  chlorophyll.  The  roots 
of  many  epiphytes  and  of  some  vines,  however,  are  exposed  to  the 


Fig.  235.  Prop  roots  of  Rhizophora  candelaria 

These  roots  have  a  great  development  of  air  spaces  in  which  oxygen  diffuses  to 
the  underground  portions  of  the  root  system.  Rhizophora  is  one  of  the  principal 
plants  in  the  mangrove  swamps  described  in  Chapter  XII,  Plant  Geography 


Fig.  236.  India  rubber  tree  {Ficus  eZostica)  with  roots  forming  secondary  trunks 


230 


Tlie  Plant  Kingdom 


light,  and  such  roots  usually  possess  chlorophyll  and  so  manufac¬ 
ture  food  by  means  of  photosynthesis.  In  the  epiphytic  orchid 
Tae^iiophyllum  (Fig.  233)  this  function  is  performed  almost  en¬ 
tirely  by  the  roots.  This  plant  has  no  leaves  and  only  a  small 
stem,  to  which  the  roots  are  attached  and  which  bears  the  flower 


shoots.  The  roots,  on  the  other  hand, 
contain  chlorophyll 


are  highly  developed  and 


Support  (stem  function).  In  a  number  of  cases,  roots  take  the 
place  of  stems  m  serving  as  supports.  This  is  the  case  in  the 
genus  Pandanus  (Fig.  234),  where  that  part  of  the  stem  which  is 

small  and  incapable  of  supporting  the 
ght  of  theyant.  Large,  roots  grow  out  from  the  main  stem 
and  serye  to  brace  it;  such  roots  are  called  iraoe  roots.  Other 
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roots  grow  down  from  the  branches  and  prop  them  up ;  such  roots 
are  known  as  prop  roots.  Rhizophora  (Figs.  235,  281)  has  similar 
brace  and  prop  roots.  Corn  has  brace  roots.  These  roots  grow 
out  in  whorls  from  the  lower  nodes  and  serve  to  brace  the  stem 
of  the  plant. 


Fig.  239.  Aerial  adventitious  roots  of  the  ivy 

Prop  roots  are  conspicuous  in  many  species  of  the  genus  FicTis 
(Fig,  236),  and  particularly  in  the  banyan  tree.  In  the  latter  case 
large  roots  extend  down  from  the  larger  branches  and  serve  as 
secondary  trunks.  As  a  result  one  plant  may  extend  over  a  con¬ 
siderable  area  and  be  supported  by  a  large  number  of  prop  roots 
which,  from  the  standpoint  of  function,  may  be  regarded  as  addi¬ 
tional  trunks. 
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Another  very  interesting  example  of  supporting  roots  is  afforded 
by  the  strangling  figs  of  tropical  forests.  These  plants  start  as 
epiphytes  in  the  tops  of  the  trees  and  send  down  roots  that  reach 
the  ground  (Fig.  237).  Branches  from  these  roots  grow  around  the 
tree  and  coalesce  either  with  each  other  or  with  the  main  root, 
until  the  trunk  of  the  tree  is  usually  enclosed  by  a  network.  As 
this  grows  and  coalesces,  it  interferes  with  the  growth  of  the  tree, 
the  fig  leaves  shade  the  tree,  and  the  roots  of  the  fig  interfere  with 


Fig.  240.  Root  of  Fig.  241.  Enlarged  storage  root  of  turnip 

sweet  potato  modi¬ 
fied  for  food  storage. 

(xi) 

those  of  the  tree.  This  combination  usually  results  in  the  death  of 
the  tree  on  which  the  fig  is  growing.  The  meshlike  support  of  the 
fig  continues  to  grow  until  it  may  finally  have  the  appearance  of  a 
solid  trunk.  Usually,  however,  some  of  the  meshes  persist.  The 
final  appearance  of  these  figs  is  greatly  influenced  by  the  form  and 
height  of  the  trees  on  which  they  start.  When  they  grow  on  slant¬ 
ing  or  peculiarly  shaped  trees,  they  sdmetimes  assume  very  fan¬ 
tastic  shapes  (Fig.  238). 

Climbing  plants  may  be  attached  to  their  supports  by  means 
of  roots  and  so  be  supported  by  the  roots  (Figs.  217,  239). 


Fig.  242.  Clustered,  fleshy  roots  of  the  dahlia,  with  much  stored  plant  food,  in 
early  spring.  (  X 

st,  remains  of  last  year’s  stem ;  sh,  young  shoots  beginning  to  sprout  from  the 
upper  ends  of  the  roots.  (From  Bergen  and  Caldwell,  Practical  Botany) 


Fig.  243.  Cross  section  of  en¬ 
larged  storage  root  of  turnip 

Note  that  it  is  composed  largely 
of  xylem 


Fig.  244.  Cross  section  of  storage 
root  of  white  radish 

The  circle  inside  the  root  repre¬ 
sents  the  cambium 


Fig.  245.  Cross  section  of  storage 
root  of  sweet  potato 

The  circular  line  in  the  root  repre¬ 
sents  the  cambium 


Fig.  246.  Cross  section  of  the  stor¬ 
age  root  of  carrot 

The  irregularly  circular  line  in  the 
root  represents  the  cambium 


Fig,  247.  Cross  section  of  the  stor¬ 
age  root  of  parsnip 

The  irregularly  circular  line  in  the 
root  represents  the  cambium 


Fig.  248.  Cross  section  of  storage 
root  of  Pachyrrhizus  erosus,  yam 
bean  or  sincamas 

Note  that  the  xylem  occupies  al¬ 
most  the  entire  cross  section  and 
that  the  cambium  is  represented 
by  a  line  near  the  periphery  of  the 
stem 


Fig.  249.  Jussiaea  repens,  a  rooting  or 
floating  aquatic  with  numerous  inflated 
roots  which  project  upward  into  the  air 


These  roots  contain  a  great  develop¬ 
ment  of  air  spaces  through  which  air 
can  pass  to  the  submerged  portions  of 
the  plant.  (x|) 

Many  trees  in  the  tropics  have 
buttress  roots  (Fig.  254)  which  are 
planklike  extensions  growing  from 
the  upper  portions  of  large  roots. 
Such  buttress  roots  are  fre¬ 
quently  made  into  table  tops. 

Reproduction  (seed  function). 
The  roots  of  many  plants  produce 
adventitious  buds  which  grow  into 
new  plants  and  reproduce  the  spe¬ 
cies,  Some  plants  are  reproduced 
artificially  by  root  cuttings. 

Storage.  Underground  roots 
may  become  very  much  thick¬ 
ened  and  serve  as  organs  for  the 
storage  of  food.  Such  is  the  case  in  sweet  potatoes  (Fig.  240), 
yams,  radishes  (Fig.  218),  turnips  (Fig.  241),  parsnips,  carrots, 
and  dahlias  (Fig.  242).  Roots  may  also  store  water. 
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In  the  storage  roots  the  food  may  be  stored  largely  in  the  cortex  or  the 
xylem  region  or  in  both.  In  turnips  (Fig.  243)  food  is  stored  largely  in  the 
xylem,  and  the  phloem  and  cortex  are  relatively  narrow.  In  the  radish 
(Fig.  244)  and  the  sweet  potato  (Fig.  245)  the  xylem  is  also  the  chief 
region  of  food  storage,  but  food  is  also  stored  outside  the  xylem.  In  the 
carrot  there  is  a  more  even  distribution  between  xylem  and  bark  (Fig. 
246) ;  while  in  the  parsnip  the  bark  is  more  prominent  than  the  xylem 
(Fig.  247).  In  beets  there  are  alternate  layers  of  xylem  and  phloem  owing 
to  the  formation  of  successive  cambiums,  as  previously  explained. 

Aeration.  Specialized  aerating  roots  are  found  on  a  number  of 
plants  that  grow  in  submerged  soil  (Fig.  249).  These  are  particu¬ 
larly  prominent  in  mangrove  swamps.  Such  roots  contain  a  con¬ 
spicuous  development  of  air  space.  Oxygen  from  the  atmosphere 
diffuses  into  these  spaces  and  then  down  into  the  underground 
root  system.  The  aerating  roots  extend  vertically  out  of  the  soil 
in  some  mangrove-swamp  species  (Fig.  282),  and  also  in  the 
bald  cypress  of  the  fresh-water  swamps  of  the  southeastern  part 
of  the  United  States.  In  the  genus  Rhizophora  (Fig.  235)  of 
the  mangrove  swamps  the  aerating  roots  grow  from  the  trunk 
and  branches  and  also  serve  as  absorbing  roots  and  as  brace  and 
prop  roots. 


CHAPTER  XII 


PLANT  GEOGRAPHY 

The  physical  characteristics  of  the  vegetation  of  a  given  region 
are  largely  due  to  environmental  conditions ;  the  systematic  rela¬ 
tionships  depend  to  a  great  extent  on  the  past  or  present  geographi¬ 
cal  connections  or  barriers.  When  two  regions  have  been  separated 
for  a  considerable  length  of  time  by  barriers  such  as  high  mountain 
chains  or  wide  seas,  which  it  is  impossible  for  most  plants  to  cross, 
the  systematic  composition  of  the  vegetation  in  the  two  regions 
will  be  very  different.  If  the  environmental  conditions  are  similar, 
however,  the  vegetation  of  two  areas,  whether  separated  or  not, 
is  likely  to  have  the  same  general  appearance  because  in  most  cases 
similar  external  conditions  produce  associations  of  plants  whose 
fundamental  physical  characteristics  are  much  alike.  In  the  pres¬ 
ent  chapter  the  vegetation  of  the  world  will  be  considered  from  the 
standpoint  of  the  physical  types  of  vegetation  found  in  various 
environments.  The  most  favorable  environmental  conditions  for 
plant  growth  are  found  in  those  lowland  regions  of  the  tropics 
where  moisture  is  abundant  and  where  there  is  no  pronounced  dry 
season.  If  from  moist  tropical  lowlands  we  proceed  either  to  colder 
latitudes,  to  higher  altitudes,  or  to  drier  regions,  the  environmental 
conditions  become  less  favorable  and  the  vegetation  is  less  luxuri¬ 
ant.  Forests  of  moist  tropical  lowlands  therefore  afford  a  conven¬ 
ient  starting  point  for  a  discussion  of  the  vegetation  of  the  world. 

Tropical  rain  forests.  Tropical  lowlands,  where  soil  conditions 
are  favorable  and  where  there  is  no  distinct  dry  season  or  where 
the  dry  season  is  not  long  and  severe,  produce  very  luxuriant  for¬ 
ests  (Figs.  6, 250) .  Typically,  the  forest  canopy  is  composed  of  three 
stories  characterized  by  different  types  of  trees.  The  trees  of  the 
top,  or  dominant,  story  form  a  nearly  closed  canopy  which  is  fre¬ 
quently  60  meters  or  more  in  height.  The  crowns  of  the  second 
story  are  beneath  those  of  the  dominant  story  and,  like  those  of 
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the  dominant  story,  frequently  form  a  nearly  closed  canopy.  The 
trees  of  the  third,  or  lowest,  story  are  usually  small  and  slender 
and  have  small  open  crowns.  The  presence  of  these  three  stories 
of  different  trees  is  not  usually  evident  on  casual  observation,  for 
the  composition  of  all  the  stories  is  very  complex  and  few  of  the 
trees  present  any  striking  peculiarities.  Moreover,  smaller  trees 
of  a  higher  story  always  occur  in  a  lower  story  as  well  as  between 


Fig.  251.  Climbing  palms  (rattans)  in  Philippine  rain  forest 


the  different  stories,  whUe  the  different  species  of  a  story  have  dif¬ 
ferent  heights.  Erect  palms  are  frequently  numerous  in  the  lower 
stories  but  are  seldom  a  prominent  part  of  the  vegetation. 

Beneath  the  tree  stories  there  is  a  ground  covering,  the  com¬ 
position  of  which  varies  in  different  situations.  In  rather  dry 
areas,  particularly  on  ridges,  it  may  consist  largely  of  woody  plants, 
while  in  moist  situations,  especially  in  ravines,  herbs  are  abundant. 
Among  the  latter,  ferns  are  frequently  prominent. 

Large  vines  are  always  conspicuous  in  moist  tropical  forests. 
Among  these  are  the  climbing  palms,  bamboos,  and  aroids.  In 
the  Malayan  region  the  long,  feathery  leaves  of  rattans  (climbing 
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palms  chiefly  of  the  genus  Calamus)  are  particularly  striking  (Figs. 
95,  251).  Dicotyledonous  vines  are  conspicuous  chiefly  as  large 
cables  hanging  from  the  crowns  of  the  tall  trees. 

Epiphytic  vegetation  is  abundant  but  is  confined  chiefly  to  the 
larger  branches  of  dominant  trees,  where  it  frequently  forms  strik¬ 
ing  aerial  gardens.  The 
conspicuous  epiphytes 
are  ferns  and  flowering 
plants,  orchids  (Fig.  2) 
being  very  numerous. 
Bromeliads  (Fig.  252) 
are  conspicuous  in  the 
American  tropics.  In 
general  the  epiphytes 
have  a  xerophytic  struc¬ 
ture;  many  of  them  con¬ 
tain  abundant  water¬ 
storing  tissue. 

The  most  striking 
feature  of  moist  tropi¬ 
cal  forests  is  the  great 
development  of  foliage, 
which  is  usually  contin¬ 
uous  from  the  ground 
covering  to  the  top  of 
the  forests.  Although 
such  a  forest  consists 
chiefly  of  large  trees,  the 
thing  that  strikes  the 
eye  is  not  the  gigantic  trunks  but  rather  the  foliage  which  hides 
the  trunks  (Fig.  253).  In  some  tropical  forests  the  canopy  is  ex¬ 
ceedingly  dense  and  there  is  little  development  of  undergrowth 
and  ground  covering.  Here  the  trunks  of  the  trees  stand  out  as 
gigantic  columns.  The  great  luxuriance  of  tropical  rain  forests  is 
explained  by  the  fact  that  moisture,  temperature,  and  light  are 
continuously  favorable.  The  same  favorable  conditions,  particu¬ 
larly  in  regard  to  moisture,  are  responsible  for  the  great  develop¬ 
ment  of  epiphytes.  Large  epiphytes  are  more  dependent  on  a 


Fig.  2.')2.  An  epiphytic  brotneliad  iBillbergia) 

Note  that  the  leaves  form  um-shaped  cups  for 
collecting  water,  which  is  absorbed  by  absorbing 
hairs  on  the  leaves.  (X  xV) 
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continuous  supply  of  atmospheric  moisture  than  the  terrestrial 
plants,  and  they  cannot  stand  prolonged  periods  of  adverse  mois¬ 
ture  conditions,  whether  these  are  due  to  lack  of  atmospheric 
moisture  or  to  cold.  In  keeping  with  the  great  luxuriance  of  the 
vegetation,  the  number  of  species  of  trees,  vines,  and  epiphytes 
in  moist  tropical  forests  is  greater  than  in  less  favored  regions. 


Fig.  253.  View  in  rain  forest  on  lower  slope  of  Mount  Maquiling, 
Philippine  Islands 

Note  the  density  of  the  foliage,  which  hides  the  large  tree  trunks 


More  than  a  hundred  species  of  trees  have  been  counted  on  a 
quarter  of  a  hectare. 

Flowers  are  usually  inconspicuous  in  the  forest.  This  is  due  to 
the  fact  that  the  production  of  flowers  is  extended  over  a  long 
period  instead  of  being  crowded  into  a  short  flowering  season,  and 
to  the  fact  that  as  one  views  the  canopy  from  below  the  flowers 
are  largely  hidden  by  the  foliage. 

Tropical  forests  have  been  considered  as  the  home  of  bizarre 
plants.  If  the  large  number  of  species  found  in  tropical  forests  is 
taken  into  consideration,  the  number  of  curious  species  in  the 
tropics  is  probably  no  greater  in  proportion  to  the  total  number 
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present  than  in  other  regions.  If  by  curious  is  meant ''  specialized/' 
or  different  from  the  great  majority  of  plants,  then  certainly  desert 
vegetation  is  much  more  bizarre  than  is  the  vegetation  of  the  moist 
tropics.  The  vegetation  of  the  temperate  zone,  with  its  deciduous 
leaves,  annual  rings  of  growth,  highly  specialized  bud  scales,  and 
other  features  connected  with  the  winter  season,  is  much  more 
specialized  than  is  tropical  vegetation.  Moist  tropical  vegetation 


Fig.  254.  Base  of  a  tree  trunk  showing  buttress  roots 


contains  a  greater  wealth  of  forms  than  is  found  in  less  favored 
localities.  Among  these  forms  are  'many,  such  as  climbing  palms 
(Figs.  95,  251)  and  begonias,  not  found  elsewhere.  Such  plants  are 
hardly  more  peculiar  in  themselves  than  are  other  plants.  That 
such  plants  have  been  described  as  peculiar  is  largely  because  they 
are  unfamiliar  in  the  native  homes  of  those  who  have  described 
them. 

A  number  of  interesting  types  of  plants  do,  however,  occur  in 
moist  tropical  forests  (Fig.  65).  Strangling  figs  (Figs.  237,  238) 
present  a  very  peculiar  appearance  and  are  sometimes  numerous. 
Trees  with  large  buttress  roots  are  rather  common  (Fig.  254).  In 
a  considerable  number  of  species,  flowers  and  fruits  occur  on  the 
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trunks  and  the  large  branches,  but  such  species  constitute  a  very 
small,  inconspicuous  proportion  of  all  the  trees  present.  Humus¬ 
collecting  epiphytic  ferns  (Figs.  104,  255)  are  sometimes  abundant. 
Curious  plants  of  the  Malayan  region  also  include  large  flowering 
parasites  (Figs.  7,  189)  and  plants  that  have  swollen  stems  (Figs. 
214,  215)  which  are’ inhabited  by  ants,  but  such  plants  are  usually 
rare  and  never  form  a  conspicuous  part  of  the  vegetation. 

Subtropical  and 
warm  temperate  rain 
forests.  In  subtropical 
and  warm  temperate 
regions,  where  rainfall 
is  abundant  and  well 
distributed  through  all 
parts  of  the  year,  there 
are  evergreen  forests. 

Near  the  tropics  these 
are  similar  to  the  trop¬ 
ical  rain  forests,  but 
as  colder  latitudes  are 
reached  the  forests  be¬ 
gin  to  partake  more  of  ^IC.  255.  Drynaria,  an  epiphytic  fern  which  has 
“  ^  ...  small  humus-gathering  leaves  and  large  leaves 

the  characteristics  of  which  carry  on  photosynthesis  and  produce 
the  deciduous  forests  spores.  (  x  iV) 

of  the  cold  temperate 

regions.  Subtropical  and  warm  temperate  forests  are  generally  of 
lower  stature  than  are  the  tropical  rain  forests,  and  they  have 
fewer  woody  vines  and  epiphytes.  Subtropical  or  warm  temper¬ 
ate  forests  occur  in  southern  Japan,  Florida,  northern  Mexico, 
New  Zealand,  southeastern  Australia,  and  parts  of  South  America. 
In  southeastern  Australia  they  are  found  in  gullies  and  valleys, 
and  their  luxuriance  is  due  more  to  subterranean  water  than  to 
rain.  The  rain  forests  of  Australia  and  New  Zealand  are  charac¬ 
terized  by  a  great  abundance  of  tree  ferns. 

Cold  temperate  deciduous  forests.  In  cold  temperate  regions 
there  are  two  classes  of  forests :  the  deciduous  broad-leaved  for¬ 
ests  (Fig.  256)  and  the  evergreen  needle-leaved,  or  coniferous, 
forests  (Fig.  257).  The  cold  winter  season,  from  a  physiological 


standpoint,  is  a  dry  period,  owing  to  the  fact  that  low  temperature 
hinders  the  absorption  of  water  by  the  roots.  In  broad-leaved 
forests  the  lessened  ability  of  the  roots  to  absorb  water  is  counter¬ 
balanced  by  the  loss  of  the  leaves,  and  so  the  trees  are  leafless  dur¬ 
ing  the  winter  season  (Fig.  258).  These  deciduous  forests  are  very 
much  less  luxuriant  than  the  tropical  rain  forests.  The  trees  form 

_ ^  ^  ^  only  a  single  story,  aind 

it . ‘fi;  m  when  this  is  well  developed 


fore  open  (Fig.  259),  in¬ 
stead  of  being  densely  filled 
as  is  the  case  in  most  of 
the  tropical  rain  forests. 
Climbing  vines  are  scarce 
and  confined  chiefly  to  the 
edges  of  the  forests.  Epi¬ 
phytes  are  also  scanty  and, 
except  in  the  warmer  parts 
of  temperate  zones,  consist 
only  of  bryophytes,  lichens, 
and  algae.  The  best  devel- 

„  ^  .  .  ,  opment  of  deciduous  for- 

Fig.  256.  Deciduous  forest  in  northeastern  ^  . 

part  of  the  United  States  ests  occurs  m  the  eastern 

Photograph  by  Dr,  George  E.  Nichole  P”*  United  States. 

During  the  winter  sea¬ 
son  the  buds  of  most  of  the  species  are  protected  by  specialized 
scales  which  prevent  the  buds  from  being  desiccated  (Fig.  114). 
The  time  of  growth  and  development  of  the  leaves  is  determined 
by  the  seasons.  The  winter  buds  contain  the  flowers  and  leaves 
of  the  coming  spring  and  summer.  The  flowers  usually  expand  at 
the  beginning  of  the  growing  season,  before  the  leaves  appear  or 
are  fully  developed.  The  leaf  buds  open  and  the  leaves  expand 
very  rapidly.  The  foliage  is  fully  developed  early  in  the  season, 
and  the  expansion  of  new  leaves  then  ceases.  During  the  latter 
part  of  the  season  the  buds  that  will  expand  during  the  next 


Plant  Geography  245 

spring  are  formed,  and  food  material,  which  will  make  possible 
rapid  growth  in  the  spring,  is  stored  in  the  stems. 

The  expansion  of  the  foliage  early  in  the  season  is  of  great  ad¬ 
vantage,  as  it  allows  all  the  leaves  to  function  for  the  greatest 
possible  length  of  time.  The  early  appearance  of  flowers  allows 
time  for  the  development 
of  the  fruit  and  at  the 
same  time  facilitates- polli¬ 
nation,  as  both  wund  and 
insects  have  freer  access  to 
the  flowers  in  a  leafless 
forest  than  in  one  in  full 
foliage. 

One  of  the  most  striking 
characteristics  of  the  for¬ 
ests  is  the  behavior  of  small 
perennial  herbs  wuth  per¬ 
sistent  underground  por¬ 
tions  which  send  up  flowers 
and  leaves  before  the  ap¬ 
pearance  of  the  leaves  on 
the  trees  and  so  make  use 
of  the  bright  light  which 
reaches  them  before  they 
are  shaded  by  the  foliage 
of  the  trees  over  them. 

The  aerial  parts  of  many 

of  these  plants  disappear  257.  Redwood  forest,  Humboldt 

early  in  the  season.  County,  California 

The  changes  in  appear-  Photograph  by  Dr.  William  S.  Copper 
ance  which  the  forests  un¬ 
dergo  with  the  changing  seasons  are  very  striking.  During  the 
winter  the  trees  are  leafless  and  only  a  portion  of  the  herbaceous 
vegetation  retains  its  foliage.  In  the  spring  early-flowering  herbs 
carpet  the  ground  and  flower  profusely,  while  shrubs  and  trees 
burst  into  bloom.  Most  of  the  trees  are  wind-pollinated  and  have 
inconspicuous  flowers,  but  some  of  them  have  conspicuous  insect- 
pollinated  flowers.  At  this  time  the  great  array  of  blossoms 
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renders  the  forest  an  object  of  great  beauty.  In  summer  the 
foliage  predominates  and  flowers  are  scarce.  In  autumn,  before 
the  trees  shed  their  foliage,  the  leaves  of  many  of  them  change 
from  green  to  brilliant  shades  of  red,  yellow,  and  brown,  and 
again  the  forest  is  strikingly  beautiful.  As  the  brightly  colored 
leaves  fall,  the  forest  enters  the  period  of  winter  rest. 

Coniferous  forests. 
The  evergreen  coniferous 
trees  of  the  north  tem¬ 
perate  zone  are  adapted 
to  withstand  the  desic¬ 
cating  effects  of  winter 
by  having  xerophytic 
needlelike  or  scalelike 
leaves  (Figs.  991,  996). 
The  xerophytic  structure 
of  the  leaves  enables  the 
trees  to  retain  their  foli¬ 
age  throughout  the  win¬ 
ter,  the  leaves  of  most 
species  remaining  on  the 
trees  for  a  number  of 
years.  The  retention  of 
the  foliage  throughout 
the  year  has  the  advan¬ 
tage  that  the  leaves  can 
carry  on  photosynthesis 
whenever  conditions  are 
favorable,  and  the  same 
Fig.  258.  Leafless  condition  of  a  deciduous  leaves  can  function  for 
forest  in  the  northeastern  part  of  the  United  i 

Stsitcs  86^01*3/1  S03/SOX1S< 

Undergrowth  is  usu¬ 
ally  less  dense  in  a  well-developed  temperate-zone  coniferous 
forest  than  in  a  deciduous  one.  This’  is  due  in  part  to  the  fact 
that  in  the  coniferous  forests  there  is  no  season  during  which  the 
undergrowth  is  not  shaded  by  the  foliage  of  the  trees,  and  in  part 
to  the  fact  that  a  carpet  of  slowly  decaying,  dry,  resinous  •  leaves 
hinders  the  establishment  of  seedlings. 
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Vast  areas  in  the  north  temperate  zone  are  covered  by  coniferous 
forests  (Figs.  990,  257,  260).  These  are  well  developed  in  Europe, 
Siberia,  and  Canada,  and  in  the  northern,  western,  and  south¬ 
eastern  portions  of  the  United  States.  The  northern  boundary 
coincides  everywhere  with  the  limit  of  tree,  growth.  The  largest 


Fig.  259.  Summer  condition  of  a  deciduous  forest  in  the  northeastern  part  of 

the  United  States 

Photograph  by  Dr.  George  E.  Nichols 


stands  of  timber  in  the  world  are  found  in  the  coniferous  forests 
which  appear  on  the  western  coast  of  the  United  States. 

Tundra.  From  the  standpoint  of  plant  geography  the  boundary 
of  the  arctic  region  may  be  -considered  as  the  place  where  the  last 
stunted  trees  disappear  (Figs.  261,  262). .  This  may  be  on  either 
side  of  the  arctic  circle.  North  of  this  limit,  where  ice  does  not 
cover  the  ground  tundra  dominates  the  arctic  region.  The  growth 
is  usually  open  and  always  dwarf,  and  mosses  and  lichens  predomi¬ 
nate.  In  favored  situations  there  may  be  patches  of  meadows  or 
dwarfed  shrubs.  The  growing  season  is  very  short,  about  two 
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months,  so  that  the  spermatophytes  rapidly  pass  through  the 
stages  from  flowering  to  fruiting.  One  of  the  most  striking 
characteristics  of  the  tundra  is  the  abundance  and  large  size  of 
the  flowers  as  contrasted  with  the  small,  short  stems  (Fig.  263). 


altitudes  on  mountains  is 
profoundly  affected  by  the 
changes  in  the  climate  at 
different  elevations.  With 
rising  altitudes  the  tem¬ 
perature  steadily  decreases 
until,  if  the  mountain  is 
sufficiently  high,  there  is 
a  perpetual  cap  of  snow. 
Eainfall  is  usually  heavier 
on  the  lower  slopes  of 
mountains  than  in  the  sur¬ 
rounding  lowlands.  This 
is  due  to  the  fact  that  as 
the  warm  air  from  the 
lowland  is  forced  up  the 
mountainside  it  cools,  with 
the  result  that  its  water¬ 
holding  capacity  is  less¬ 
ened  and  the  consequent 
excess  of  water  in  the 


Fic.  260.  Interior  of  coniferous  forest,  Taku 
Inlet,  Alaska 


atmosphere  forms  clouds, 
which  frequently  give  rise 


The  trees  are  Picea  sitchensis  and  Tsuga  to  rain.  The  amount  of 
Mer.pkyUa.  Photograph  by  Dr.  William  S.  ^ 

certain  altitude,  and  then 
decreases  because  as  the  air  continues  to  lose  water  in  the  form 


of  rain  it  retains  less  and  less  moisture.  The  large  rainfall  at  low 
and  medium  altitudes  on  mountains  frequently  results  in  a  more 
luxuriant  vegetation  in  these  situations  than  in  the  neighboring 
drier  lowlands.  The  greater  luxuriance  of  the  vegetation  at  low 
and  medium  altitudes  on  mountains  is  particularly  striking  when 
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the  mountains  rise  from  a  dry  or  desert  region.  This  is  seen  in 
Arizona,  where  the  country  around  the  mountains,  and  even  the 
lower  slopes  of  the  mountains  themselves,  produce  only  desert 
vegetation,  while  at  higher  altitudes  there  occur  rather  luxuriant 
coniferous  forests. 

On  mountains  the  height  of  the  forests  decreases  with  rising 
elevation.  At  low  and  medium  altitudes  a  greater  luxuriance 


Fig.  263,  Dryas  octopetala  in  flower  in  Lapland 
Photograph  by  C.  G.  Aim 


sometimes  results  from  increased  rainfall,  but  with  this  exception 
the  height  of  the  forests  decreases  until,  frequently,  the  forest 
passes  into  elfin  wood,  which  consists  of  stunted  and  twisted 
trees  (Fig.  264).  Above  the  elfin  wood  there  is  often  an  area  of 
dwarf  shrubs,  which  in  turn  gives  way  to  alpine  meadow  (Figs. 
266,  266).  This  consists  of  a  short,  xerophytic,  matted  vegetation 
of  grasses  or  dicotyledonous  herbs,  or  both.  Where  conditions  are 
favorable  this  vegetation  extends  to  the  region  of  perpetual  snow. 
As  in  the  arctic  tundra,  the  flowers  of  the  alpine  meadow  are  large 
in  comparison  with  the  dwarf  plants  (Fig.  266). 

On  moist  tropical  mountains  the  three-storied  rain  forests  give 
way  to  a  lower  forest,  which  often  consists  of  two  stories,  and 


Fig.  264.  Pinus  flexilis  at  timber  line,  Longs  Peak,  Colorado 
Photograph  by  Dr.  William  S.  Cooper 


Fig.  265.  Alpine  meadow  invading  glaciated  rock  surface,  Glacier  Gorge, 
Longs  Peak,  Colorado 

Photograph  by  Dr.  William  S.  Cooper 
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which  in  many  respects  resembles  the  subtropical  rain  forest 
(Figs.  267,  268).  It  is  less  rich  in  species  of  trees  than  is  the  tropi¬ 
cal  rain  forest,  and  contains  fewer  woody  vines  and  usually  a 
smaller  percentage  of  phanerogamic  epiphytes,  while  epiphytic 
mosses  and  liverworts  are  more  numerous.  In  general,  epiphytic 
vegetation  is  more  luxuriant  (Fig.  269)  than  in  the  three-storied 


Compare  with  Fig.  263.  Photograph  by  Dr.  William  S.  Cooper 

rain  forest.  Above  the  two-storied  forest  there  is  an  elfin  wood 
consisting  of  a  single  story  of  twisted  trees  (Figs.  270,  271).  Usu¬ 
ally  the  trunks  and  branches  of  the  trees  of  the  elfin  wood  (Figs. 
271,  272),  and  sometimes  those  of  the  two-storied  forest  at  higher 
altitudes,  are  densely  covered  with  a  thick  mat  of  mosses  and 
liverworts.  The  mosses  and  liverworts  not  only  cover  the  trunks 
and  branches  but  also  hang  down  in  graceful  festoons  (Fig.  271). 
In  the  mosses  and  liverworts  grow  numerous  ferns  and  a  consider¬ 
able  number  of  flowering  plants. 

Flowers  of  epiphytes,  vines,  and  trees  are  usually  numerous  in 
this  mossy  forest,  and,  owing  to  the  low  stature  of  the  trees,  are 
conspicuous.  The  small  size  of  the  trees  and  their  twisted  form, 


Fig.  267.  Two-storied  forest  on  Mount  Maquiling,  Philippine  Islands, 
at  an  elevation  of  seven  hundred  and  forty  meters 


Fig.  268.  Another  two-storied  forest  on  Mount  Maquiling,  Philippine 
Islands,  at  an  elevation  of  seven  hundred  and  forty  meters 
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the  thick  mantles  and  festoons  of  mosses  and  liverworts,  and  the' 
numerous  blossoms  give  the  mossy  forest  a  weird  yet  attractive 
appearance  and  make  it  one  of  the  most  striking  types  of  vegetation 
found  in  the  tropics. 

Monsoon  forests.  In  the  tropics,  regions  with  one  or  two  pro¬ 
nounced  dry  seasons  of  several  months’  duration  are  much  greater 


Fig.  269.  Epiphytes  on  trunk  near  the  upper 
limit  of  two-storied  forest  on  Mount  Maqui- 
ling,  Philippine  Islands 


in  extent  than  are  those 
with  a  constantly  humid 
climate.  A  seasonal  cli¬ 
mate  is  particularly  char¬ 
acteristic  of  the  interior 
of  continents.  Where  the 
rainfall  is  abundant  dur¬ 
ing  the  wet  season  well- 
developed  forests  occur, 
but  the  vegetation  is  not 
so  luxuriant  as  it  is  in 
the  constantly  moist  re¬ 
gions.  During  the  dry 
season  much  of  the  foli¬ 
age  is  shed,  the  degree 
of  defoliation  depending 
on  the  severity  of  the 
season.  Over  large  areas 
the  loss  of  leaves  is 
never  uniform,  as  along 
watercourses  trees  keep 
their  foliage  throughout 
the  year.  Except  when 
the  dry  season  is  ex¬ 


treme,  occasional  ever¬ 
green  trees  occur.  During  the  dry  season  the  monsoon  forests 
do  not  present  as  lifeless  an  aspect  as  do  deciduous  temperate 
forests  in  the  cold  season,  as  the  dry  season  is  pre-eminently  the 
time  of  flowering. 


Monsoon  forests  resemble  the  deciduous  forests  in  temperate 
regions  in  being  of  lower  stature  than  tropical  rain  forests.  They 
are  also  similar  to'  the  temperate-zone  deciduous  forests,  and  dif- 


Fig.  270.  Lower  part  of  twisted  tree  with  many  aerial  roots  in  mossy  elfin 
forest  near  summit  of  Mount  Maquiling,  Philippine  Islands 


Fig.  271.  View  of  mossy  elfin  forest  near  summit  of  Mount  Maquiling 


The  trunks,  branches,  and  aerial  roots  are  covered  with  festoons  of  mosses 
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ferent  from  tropical  rain  forests,  in  that  the  trees  have  thick  bark 
and  annual  rings  of  growth  in  the  wood,  and  lack  buttressed  roots. 

XeropMous  forests.  Dry  tropical  and  subtropical  regions  which 
are  not  dry  enough  to  produce  deserts  support  either  xerophilous 
forests  (Figs.  1040,  273)  or  grassland.  The  xerophilous  forests 
may  be  either  evergreen  or  deciduous.  The  trees  are  usually  of 


Fig.  272.  Growth  of  mosses  and  a  filmy  fern  on  a  trunk  in  mossy  elfin  forest 
near  summit  of  Mount  Maquiling,  Philippine  Islands 


low  stature  as  compared  with  rain  or  monsoon  forests,  but  there 
are  exceptions,  the  giant  eucalyptus  forests  of  western  Australia 
being  pronounced  xerophilous  forests.  The  vegetation  is  more 
open  than  in  rain  forests  or  monsoon  forests,  and  the  leaves  are 
much  more  xerophytic  than  in  the  latter  types.  The  xerophilous 
forests  often  grade  into  bush  land  (Fig.  274),  grassland,  or 
desert. 

Grassland.  Grassland  in  tropical  and  subtropical  regions  usu¬ 
ally  takes  the  form  of  savanna,  in  which  widely  spaced  trees  occur 
with  the  grass  (Fig.  275).  In  temperate  regions  grasslands  are 
usually  without  trees  except  along  watercourses.  In  the  United 
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States  the  more  moist  grassland,  or  prairie,  is  excellent  for  raising 
grain,  while  the  drier  grassland,  or  plain,  is  good  for  grazing. 

In  many  cases  extensive  grasslands  are  due  to  the  interference 
of  man  rather  than  to  natural  conditions.  In  temperate  regions 


FiC.  273.  Sclerophyllous  forest  in  Australia  in  a  region  with  an  annual  rainfall 
of  thirty  to  forty  inches 


meadows  are  frequently  produced  as  a  result  of  cultivation.  In  the 
Malay  Archipelago  large  tracts  of  rank  waste  grasslands  are  due 
to  periodic  fires  which  have  followed  the  removal  of  the  original 
forests.  The  fires  destroy  dicotyledonous  plants  but  do  not  appreci¬ 
ably  damage  the  underground  rhizomes  of  the  grasses.  Similarly, 
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fires  are  frequently  responsible  for  the  presence  of  grasslands  in 
temperate  areas. 

Deserts.  Areas  which  have  a  very  slight  rainfall  and  are  covered 
by  a  scanty  growth  of  scattered  plants  are  known  as  deserts  (Figs. 
84,  276).  The  largest  area  stretches  across  Africa  into  southeastern 
Asia.  In  Africa  it  is  called  the  Sahara  Desert,  and  in  Asia  it  is 


Fig.  274.  Bush  land  in  Australia  in  a  region  with  an  annual  rainfall  of  ten  to 

thirty  inches 

Photograph  by  Professor  D.  A.  Herbert 


called  the  Arabian  Desert.  The  next  largest  area  includes  most  of 
central  Asia.  Large  desert  areas  occur  in  central  Australia  and  in 
Mexico  and  the  western  part  of  the  United  States,  while  small 
areas  are  found  in  southwestern  Africa  and  South  America. 

Deserts  are  characterized  by  an  open  growth  of  comparatively 
small  plants  many  of  which  are  thorny  (Figs.  84,  277).  Plants  of 
desert  regions  are  adapted  in  various  ways  to  withstand  adverse 
conditions.  Some,  particularly  shrubs  and  shrubby  trees,  have 
long  roots  that  reach  down  to  subterranean  water.  The  cacti  have 
roots  that  spread  near  the  surface  of  the  soil;  when  the  soil  is 
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wet,  considerable  quantities  of  water  are  absorbed  by  the  extensive 
root  system  and  then  stored  in  the  enlarged  stems.  Deserts  usu¬ 
ally  have  a  short  rainy  season  when  conditions  are  fairly  favorable 
to  vegetation  and  during  which  annuals  spring  up  and  pass  through 
their  whole  development.  Such  annuals  do  not  have  a  xerophytic 
structure.  Other  plants,  with  perennial  underground  portions, 


Fig.  277.  Arizona  desert  with  large  Opuntia 
Photograph  by  Dr.  Forest  Shreve 


send  up  aerial  shoots  which  disappear  after  the  moist  period.  Some 
of  the  shrubs  are  leafless  or  have  greatly  reduced  scale  leaves; 
others  have  small  xerophytic  evergreen  leaves;  still  others  are 
deciduous  and  have  mesophytic  leaves  during  the  rainy  period. 

The  appearance  of  deserts  varies  greatly  according  ro  the  kinds 
of  plants  found  in  them.  In  many  places  the  plants  are  largely 
shrubs  (Fig.  278),  while  in  other  regions  succulents  are  conspicu¬ 
ous  (Figs.  277,  279).  In  parts  of  the  American  desert  cacti  pre¬ 
dominate,  while  in  parts  of  Africa,  particularly  in  the  south,  there 
are  numerous  euphorbias  with  a  general  appearance  similar  to  that 
of  certain  cacti. 
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The  appearance  of  deserts  also  changes  according  to  the  seasons : 
during  a  dry  period  the  vegetation  is  very  scanty  and  has  a  gray 
or  rather  dirty  green  color,  while  in  the  rainy  period  the  vegetation 
is  much  more  luxuriant  owing  to  the  presence  of  the  annuals  and 
of  the  mesophytic  foliage  on  the  deciduous  perennials.  At  the 
same  time  flowers  are  frequently  found  to  be  very  numerous. 


Fig.  278.  Scene  in  Arizona  desert 
Photograph  by  Dr.  Forest  Shreve 


Marine  vegetation.  In  seas,  floating  microscopic  algae  are  nu¬ 
merous,  and  among  them  diatoms  are  prominent.  These  micro¬ 
scopic  floating  plants  are  the  chief  source  of  food  for  marine 
animals. 

Macroscopic  marine  plants  are  either  algae  or  angiosperms,  the 
algae  predominating.  The  angiosperms  are  grasslike  plants  but  not 
true  grasses,  and  grow  rooted  in  sandy  or  muddy  bottoms  of  calm, 
shallow  bays.  Macroscopic  algae  are  most  abundant  on  rocky 
coasts ;  for  the  most  part  they  are  attached  to  the  rocks,  but  they 
may  be  attached  to  other  objects,  such  as  shells  or  other  algae. 
Algae  occur  not  only  below  the  level  of  low  tide  but  between  tide 
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levels  and  in  cold  temperate  regions  on  rocky  coasts  the  develop¬ 
ment  of  algae  between  tide  levels  is  very  luxuriant.  Macroscopic 
algae  range  in  si2;e  from  small  plants  which  are  hardly  visible  to 

large  ones  many  meters  in  length. 

Fresh-water  vegetation.  In  fresh"  water,  as  in  salt  water,  micro¬ 
scopic  floating  algae  are  very  abundant,  and  among  them  diatoms 
are  numerous.  The  macroscopic  vegetation  differs  very  greatly 


.  .fell, 


Fig.  279.  Scene  in  Arizona  desert 


Note  the  conspicuous  giant,  cacti  (Camegiea).  Photograph  by 
Dr.  Forest  Shreve 


from  that  of  salt  water,  as  flowering  plants  predominate  over  the 
algae,  while  the  algae  are  small  as  compared  with  those  of  salt 
water.  The  macroscopic  plants  may  be  divided  into  three  gen¬ 
eral  classes :  submerged  plants,  rooted  plants  with  floating  leaves, 
and  floating  plants. 

In  general,  plants  which  are  entirely  submerged  grow  in  deeper 
water  than  do  those  with  floating  leaves.  The  conducting  and 
strengthening  tissues  are  very  poorly  developed  in  submerged 
plants.  As  they  float  in  the  water,  they  do  not  need  strengthen- 
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ing  tissue  to  the  same  extent  that  land  plants  do ;  and  as  they 
do  not  transpire,  there  is  no  necessity  for  any  considerable  develop¬ 
ment  of  water-conducting  tissue.  The  leaves  are  thin  and  in  many 
cases  are  finely  divided,  thus  exposing  large  surfaces  for  the  ab¬ 
sorption  of  materials. 

Plants  with  floating  leaves  have  a  conspicuous  development 
of  air  spaces  (Fig.  74).  These  serve  as  an  aerating  system  for  the 


Fig.  2&0.  Lotus  (Nelumbium  nelumbo)  projecting  out  of  the  water,  and  Pistia 
stratiotes  floating  on  the  water,  in  Lacuna  de  Bay,  Philippine  Islands 


diffusion  of  oxygen  from  the  leaves  to  the  roots.  Moreover,  the 
air  spaces  in  the  leaves  are  of  assistance  in  enabling  the  leaves  to 
float  on  the  surface  of  the  water. 

Floating  plants  of  cold  temperate  countries  are  all  of  small  size, 
but  they  may  be  abundant  enough  to.  cover  the  surfaces  of  small 
ponds.  In  warmer  regions  floating  plants  reach  larger  size  (Fig.  6), 
and  the  water  hyacinth  (Fig.  97)  may  obstruct  navigation  in 
sluggish  streams.  Floating  plants  are  provided  with  well-developed 
air  spaces  (Fig.  96),  which  make  the  plants  buoyant  and  at  the 
same  time  serve  as  passageways  in  which  oxygen  can  diffuse  to 


the  roots  The  roots  hang  down  in  the  water  and  serve  as  a  counter¬ 
noise  which  helps  to  keep  the  plant  right  side  up. 

Swamp  vegetation.  Around  the  edges  of  quiet  bodies  of  r  s 

wato  aL  in  shallower  water  than  that  in  which  p  ants  with 
Lattog  leaves  occur,  there  is  often  a  conspicuous  development  o 
^0  composed  largely  of  erect  plants  (often  monocotyledonous) 


Fig.  281.  Interior  of  Philippine  mangrove  swamp  at  low  tide 


Note  the  aerating  prop  roots  of  Rhizophora  and  the  erect  aerating  roots  which 
nroiect  upward  out  of  the  mud 


with  roots  under  water  or  in  saturated  soil  and  with  shoots  extend¬ 
ing  into’  the  air  (Fig.  280).  Such  plants  contain  conspicuous  air 
passages  for  the  aeration  of  the  roots.  In  other  cases  the  shallow 
water  is  occupied  by  a  growth  of  shrubs  or  trees.  Salt-water 
swamps  in  temperate  regions  are  occupied  by  a  reedlike  growth 
consisting  largely  of  monocotyledonous  plants.  In  the  tropics 
mangrove-swamp  forests  are  formed  on  mud  flats  which  are 
exposed  at  low  tide  and  at  high  tide  are  covered  by  salt  water. 

Mangrove-swamp  forests.  The  term  mangrove-swamp  forest  is 
applied  to  the  type  of  forest  occurring  on  tidal  flats  along  trop¬ 
ical  seacoasts  (Figs.  235,  281).  The  conditions  most  favorable 


to  their  development  are  found  in  quiet  bays  into  which  flow  large 
rivers  whose  lower  reaches  have  little  fall.  The  descending  waters 
of  the  rivers  are  checked  when  they  meet  tidewater,  and  deposit 
their  sediment  in  the  form  of  broad  flats  or  deltas  near  the  mouths 
of  the  rivers.  These  flats  are  usually  cut  by  a  network  of  channels 
through  which  the  advancing  and  receding  water  of  the  sea  moves. 


Fig.  282.  Aerating  roots  of  Sonneratia  caseolaris  in  Philippine 
mangrove  swamp 


At  extreme  low  tide  the  flats  are  exposed,  and  often  even  the 
larger  channels  are  dry.  On  these  mud  flats  the  trees  which  form 
the  mangrove  vegetation  find  conditions  favorable  to  their  develop¬ 
ment  ;  and  as  the  seeds  or  seedlings  of  these  species  are  distributed 
by  water  and  can  be  transported  for  long  distances  without  injury, 
the  formation  of  flats  and  their  seeding  are  almost  simultaneous. 
When  conditions  are  favorable,  new  flats  are  formed  beyond  the 
old,  and  the  forest  advances  year  by  year.  The  mangrove  forests 
may  contain  trees  more  than  a  meter  in  diameter,  and  when  fully 
stocked  with  mature  timber  compare  favorably  with  the  com¬ 
mercial  forests  of  the  land. 

The  mangrove  forests  are  characterized  by  the  presence  of  roots 
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that  show  above  the  surface  of  the  ground  (Figs.  235  281,  282) 
“  Ltain  numerous  air  spaces  that  serve  - 
oCTgen  to  the  underground  root  system.  In  the  genus  KArropAora 
tee  roots  take  the  form  of  prop  roots  and  serve  both  as  props 
Se  tree  and  for  the  aeration  of  the  root  system.  In  some  cases 
fhe  Lting  roots  are  siender  structures  which  grow  verttcally  out 
of  th^oil,  while  in  still  other  cases  they  have  the  form  of  knees. 

Another  characteristic  of  a  large  proportion  o  mangrove-swamp 
trets  is  the  germination  of  the  seeds  while  stdl  withm  the  frmts. 
This  feature  is  most  strikingly  shewn  in  the  family 
in  which  the  seedling  bursts  through  the  fruit  and  hangs  down  as 
a  long,  slender  structure  while  the  fruit  is  still  attached  to  the 
tree  (Fia;  385).  Finally  the  seedling  drops  from  the  fruit,  stic 
in  the  nTud,  and  continues  to  grow  (Fig.  386),  or  it  may  be  trans- 
ported  by  water  and  deposited  in  a  situation  that  is  favorabl 

*™Simcession  and  climax  vegetation.  The  large  vegetational  re¬ 
gions,  such  as  rain  forest,  deciduous  forest,  deserts,  and  arctic 
tundra,  are  determined  by  climate,  the  principal  factors  being 
moisture  and  temperature.  In  all  extensive  regio^  there  are 
however,  minor  areas  in  which  the  vegetation  is  the  result  not 
of  the  general  climatic  complex  but  of  purely  local  conditions 
such  as  the  nature  of  the  substratum  or  the  interference  of  m^n  . 
Vegetation  that  is  in  a  stable  condition  and  represents  the  highest 
type  that  the  climate  can  support  is  climax  vegetation.  Before 
vegetation  reaches  a  climax,  or  stable  condition,  it  rnay  pass 
through  many  successive  stages  that  are  influenced  by  the  local 
environment.  The  giving  way  of  one  type  to  another  is  known 
as  succession. 

In  a  region  in  which  tall  forest  is  the  climax  type  there  may 
be  a  lake  which  results  in  the  presence  of  several  local  types  of 
vegetation.  The  vegetation  in  the  deepest  part  of  the  lake  m 
which  there  are  rooted  plants  may  consist  entirely  of  submerged 
plants,  and  between  these  and  the  forest  the  following  types  o 
vegetation  may  occur  in  successively  shallower  water:  plants 
with  floating  leaves,  erect  monocotyledons  projecting  out  of  the 
water,  and  a  growth  of  shrubs.  The  level  of  the  water  in  lakes  does 
not  remain  constant;  on  the  contrary,  the  depth  of  the  water 


267 


Plant  Geography 

tends  to  become  less  and  less.  This  is  due  to  the  fact  that  material 
is  constantly  being  deposited  in  the  lake  and  so  raises  the  level 
of  the  soil,  while  at  the  same  time  the  stream  leaving  the  lake 
wears  down  its  bed  and  thus  lowers  the  level  of  the  water  in  the 
lake.  As  the  water  becomes  shallower  the  submerged  plants  will 
invade  the  bare  area  toward  the  center  of  the  lake,  while  the  plants 
with  floating  leaves  will  invade  the  areas  formerly  occupied  by- 
submerged  plants.  Likewise  the  erect  monocotyledonous  plants 
will  invade  the  areas  previously  occupied  by  the  plants  with  float¬ 
ing  leaves,  while  the  forests  will  invade  the  area  which  was  swampy 
as  the  latter  becomes  dry.  Thus  there  is  a  series  of  successions 
between  the  deeply  submerged  bare  ground  and  the  climax  forest. 

Eocks  may  support  only  a  growth  of  lichens,  but  as  the  rock 
weathers  and  soil  accumulates  there  is  a  series  of  invasions  which 
ends  with  the  climax  forest. 

On  tropical  coasts,  mud  flats  are  occupied  by  mangrove-swamp 
forest,  but  as  the  land  is  raised  this  is  succeeded  by  the  forest  of 
the  dry  land  and  finally  by  the  climax  type  of  the  region. 

The  types  of  plant  successions  are  very  varied,  are  due  to  a 
great  variety  of  local  conditions,  and  lead  to  many  types  of  climax 
vegetation.  A  study  of  successions  shows  that  vegetation  is  not 
static  but  dynamic,  and  that  much  of  it  is  unstable  and  changing. 
Just  as  an  individual  passes  through  many  stages  of  development 
before  reaching  maturity,  so  plant  communities  go  through  various 
stages,  or  successions,  before  the  climax  type  is  produced. 


CHAPTER  XIII 

THE  FLOWER 


The  flowers  of  plants  are  reproductive  structures  whose  func¬ 
tion  is  the  production  of  seed.  Many  flowers  are  very  beautiful, 
are  greatly  enjoyed  by  man,  and  are  used  by  him  for  purposes  of 
ornament.  From  the  standpoint  of  the  plant,  however,  the  beauty 
of  the  flower  is  important  only  in  so  far  as  it  aids  in  the  production 
of  seed. 

REPRODUCTION 

Asexual  reproduction.  Plants  have  two  methods  of  reproduc¬ 
tion,  sexual  and  asexual.  The  latter  method  consists  simply  in 
the  separation  of  a  portion  from  the  parent  plant  and  the  growth 
of  this  portion  into  a  complete  plant.  Many  of  the  lower  plants 
are  reproduced  asexually  by  a  single  cell.  A  large  number  of  higher 
plants  reproduce  vegetatively  by  sending  out  shoots  which  take 
root  and  produce  new  plants  (Fig.  5).  In  many  cases  the  part  of 
the  shoot  which  connects  the  two  plants  dies,  thus  leaving  them 
entirely  separate.  This  method  is  particularly  characteristic  of 
plants  with  underground  or  prostrate  stems,  such  as  grasses  that 
have  long  runners.  It  is  also  frequently  seen  in  the  aerial  parts  of 
plants,  where  a  shoot  takes  root  and  produces  a  new  individual. 
Another  method  of  asexual  reproduction  is  the  production  of 
bulblets.  Many  plants  that  grow  from  underground  bulbs  or 
corms  reproduce  by  the  multiplication  of  these,  as  is  the  case  with 
th6  gladiolus.  Bulbs  may- be  produced  on  flowering  shoots,  as  in 
Agave  and  the  onion.  Many  plants  produce  suckers  which  can  be 
removed  and  used  to  produce  new  plants ;  conspicuous  examples 
are  bananas  (Fig.  91)  and  pineapples.  A  method  of  artificial  re¬ 
production  frequently  used  is  to  cut  off  a  portion  of  a  stem,  known 
as  a  cutting,  and  plant  it  in  the  ground.  Under  favorable  condi¬ 
tions  the  cutting  produces  roots  and  leaves  and  grows  into  a  new 
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plant.  In  a  few  instances  leaves  of  plants  may  fall  to  the  ground 
and  grow  into  new  plants,  as  in  Bryophyllum  (Fig.  102)  and  Be¬ 
gonia.  A  considerable  number  of  plants  can  be  artificially  re¬ 
produced  by  the  use  of  leaf  cuttings.  Some  ferns  reproduce 
regularly  by  having  the  tip  of  a  long  leaf  reach  the  ground,  send 
out  roots,  and  grow  into  a  new  plant  (Fig.  101). 

Sexual  reproduction.  Sexual  repro.duction_is,j:epraduction  in- 
which  two  cells  unite  to  form  a  single  one  from  which  a  daughter 
organism  develops.  This  method  of  reproduction  is  character¬ 
istic  of  the  vast  majority  of  plants.  Among  the  higher  plants  the 
flower  is  the  organ  for  sexual  reproduction. 

THE  STRUCTURE  OF  THE  FLOWER 

Parts  of  the  Flower.  In  a  complete  flower,  that  is,  one  which 
has  all  the  parts  of  a  typical  flower,  there  are  four  kinds  of  struc- 


Fig.  283.  Flower  of  kale  (a  variety  of  cabbage,  Brassica  oleracea) 

To  the  left  is  a  whole  flower,  showing  the  sepals  below,  the  large  petals  next, 
within  them  the  long  stamens,  and  in  the  center  the  pistil,  composed  o_ 
ovary  surmounted  by  the  style,  which  terminates  in  the  stigma.  To  the  right 
is  a  flower  from  which  one  sepal,  two  petals,  and  two  stamens  have  been 

removed 


tures  besides  the  stalk  (Figs.  283,  284).  There  are^one  qrmoie 

the  essentiaLparts ;  the  others  . 

'■"SSS^rfewers  are  regular,  —  that  is,  all  the  members  of  each  set 
of  organs  are  alike  (Figs.  284,  295-297),  -  while  others  are  irregu¬ 
lar  (Figs.  285,  286). 


Fig.  284.  Flower  of  grapefruit  {Cit¬ 
rus)  with  a  portion  of  calyx  and  some 
of  petals  and  stamens  removed 

pd,  pedicel;  t,  torus;  n,  nectary; 
c,  calyx;  p, 'petal;  /,  filament  of  sta¬ 
men  ;  a,  anther ;  o,  ovary ;  syf  style ; 
s,  stigma,  (X  1.) 


Fig.  285.  Irregular  flower  of 
a  legume,  Erythrina  fusca. 

(xi) 


Fig.  286.  Irregular  flower  of  a 
garden  .pea 

Left,  front  view;  right,  side  view. 
The  stamens  and  pistil  are  largely 
hidden  by  the  petals 


ovary  of  Hibiscus,  showing 
five  cavities  or  cells  contain¬ 
ing  ovules.  ( X  10) 


■V 


Fic.  289.  Pollen  grains  of  various  plants.  (  X  225) 
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Pistils.  The  pistils  are  usually 
found  in  the  center  of  the  flower 
(Fig.  284).  A  pistil  consists  of  an 
enlarged  basarportion  called  the  _ 
ovcLTy,  a  terniinaf  part  ^mown  as 
the  and,  usuaUy,  a  long, 

slender  "structure;  the  style,  which 
connects'~~tEe  ovary  with  the 
stigma7  The  ovary  contains  one 
"ofTTfore  cavities  (Fig.  287)  within 
which  are  found  small  oval  or 
egg-shaped  ovules.  An  ovule  is 
attached  to  the  ovary  wall  by  a 
small  stalk  called  the  funiculus. 
Each  ovule  contains  an  egg,  which 
is  the  female  reproductive  cell. 
Stamens.  A  stamen  consists  of  two  parts  (Fig.  288) :  a_largfi 
fPTTm-nfl.l  portion.  whiclTiriiejn^/i^  ^  known  J^he 
filament.  The  anther  contamTcavities  called  poIZenJocs,  Inwhieh 


Fic.  290.  Modes  of  discharging 
pollen 

A,  by  longitudinal  slits  in  the  an¬ 
ther  cells  {Amaryllis);  B,  by  up¬ 
lifting  valves  (barberry);  C,  by  a 
pore  at  the  top  of  each  anther  lobe 
(nightshade) .  After  Baillon 


Fig.  291.  Flowers  of  pumpkin 


Left,  female  flower  with  calyx  and  corolla  attached  above  rounded  ovary ; 
right,  male  flower.  (X  4) 

pollen  grains  are  produced  (Figs.  288,  289).  Pollen  grains  from  the 
anthers  are  carried  by  the  wind,  by  insects,  or  by  other  agencies 
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and  deposited  on  the  stigma  of  the 

pistil.  This  transfer  is . jmown  as^ 

Mnatiork,  and  when  it  has  taken  place 
the  flower  is  said  to-hs ^'pollinated.  The 
method  by  which  the  anthers  open  to 
discharge  the  pollen  varies  in  different 
cases.  Three  methods  are  shown  in 
Fig.  290. 

Fertilization.  A  pollen  grain,  after 
being,  deposited  on  the  stigma,  pro¬ 
duces  a  long  tube  which  grows  down 
through  the  stigma  and  the  style  and 
enters  one  of  the  ovules  in  the  ovary 
(Fig.  4).  Two  male  nuclei  are  found 
at  the  end  of  this  tube.  One  of  these 
enters  the  egg  of  an  ovule  and  fuses 
with  the  nucleus  of  the  egg.  This  fu- 
sion  of  male  and  female  nucld  is-called. 
fertilization,  and  Fhe  flow^er  is  ^akLto 
be  fertilized  whehTthis  has  taken  place. 
AfterlertiU^ion  the  ovule  de^dps 


Above,  female  flowers ;  below,  'into  a  seed,  while  the  whole  ovirFhe- 

male  flowers,  (x  1)  - “ 

comg§.Airuit. 

Sexuality  of  flowers.  Usually  stamens  and  pistils  are  found  in 
the  same  flower  {bisexual  flowers)  (Figs.  283,  284),  but  frequently 


Fig.  293.  Flowers  of  papaya  (Carica 
papaya) 

Xieft,  female ;  right,  male.  ( X 


Fig.  294.  Flowers  of  willow 

A,  male  flower ;  B,  female  flower 
fMagnified.)  After  Decaisne 


Fig.  295.  Flower  of  Hibiscits 

The  filaments  of  the  stamens  are 
united  to  form  a  tube  which  sur¬ 
rounds  the  style.  (X  f) 


Fig.  296.  Flower  of  Tahernaemontana 
pandacaqui 

The  corolla  is  composed  of  a  long  tube 
with  five  prominent  lobes.  (X  f) 
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Fig.  299.  Upper  left,  hypogynous  flower  of  kale.  Upper  right,  perigynous 
flower  of  plum.  Lower  left,  epigynous  flower  of  apple.  Lower  right,  epigynous 

flower  of  Fuchsia 


they  occur  in  different  ones  {unisexual  flowers).  When  they  occur 
in  different  flowers,  both  kinds  of  flowers  may_bejmtf^®ISaSe 

""plint  Xmm^cious  plants) 
(Figs.  291,  292),  as  in  the 
cases  of  com  and  the  castor- 
oil  plant,  or  they  may  be 
on  different  plants  {dioedous 
plants)  (Figs.  293,  311). 

Perianth.  While  the  sta¬ 
mens  and  pistils  are  the  es¬ 
sential  parts  of  a  flower,  they 
are  usually  surrounded  by 

.  ,  . ,  thin,  expanded  structures 

Fig.  300.  Section  of  flower  of  cherry  with  «n«a+itntP 

simple  pistil  consisting  of  a  single  carpel  which  collect  J 
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the  perianth.  In  a  complete  flower  the  perianth  is  divided  into  an 
interior  part,  or  corolla,  and  an  outer  part,  or  calyx  (Figs.  283, 
284).  In  some  flowers  there  is  no  perianth  (Figs.  294,  312). 

Corolla.  The  corolla  may  be  composed  of  a  number  of  separate 
thin  units,  the  petals  (Fig.  295),  usually  white  or  bright-colored, 


Fig.  301.  Flower  of  raspberry 

Left,  top  view  showing  numerous  pistils  surrounded  by  numerous  stamens, 
these  by  five  petals,  and  these  in  turn  by  five  sepals.  Right,  longitudinal  sec¬ 
tion  showing  numerous  simple  pistils  growing  on  a  projection  from  the  torus 


or  of  a  more  or  less  tubular  (Fig.  296),  bell-shaped,  or  funnel- 
shaped  structure  (Fig.  297)  with  lobes  which  represent  the -petals. 


Fig.  302.  Section  of  a  strawberry  flower 

There  are  numerous  simple  pistils  on 
the  projection  of  the  torus.  Around 
these  are  the  stamens,  then  the  petals 
and  sepals 


It  seems  that  the  function 
of  the  conspicuous,  bright- 
colored  corolla  is  to  attract 
the  insects,  or'  sometimes 
small  birds,  that  carry  pollen 
from  one  flower  to  another. 
Bright-colored  or  consjpicu:::^ 
ousT'owers  are  usually  polli¬ 
nated  by  insecti)  ’ 
'"Calyx.  The  calyx,  like  the 
corolla,  may  be  composed  of 
a  number  of  separate  units, 
which  in  this  case  are  called 


sepals  (Fig.  283),  or  of  a  somewhat  tubular  or  funnel-shaped 
structure  with  lobes  which  represent  the  sepals.  The  calyx„i§. 
typically  small  and  green.  The  function  of  the  calyx  seems  to 
he~td*Drbtecr  the  inner  -parts  of  theflavvhr~BefoihT^ 
has  opened.  , 
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Frequently  the  perianth  consists  of  only  one  set  of  structures, 
and  in  such  a  case  this  set  is  regarded  as  a  calyx,  the  corolla  being 
considered  as  absent.  When  there  is  no  corolla,  the  calyx  is  often 

bright-colored  and  con¬ 
spicuous  and  takes  the 
place  of  the  corolla  in 
its  function  of  attract¬ 
ing  insects.  In  many 
of  the  monocotyledon- 
ous  plants  the  sepals 
are  large,  bright-colored, 
and  very  similar  in  ap¬ 
pearance  to  the  petals 
(Fig.  298). 

Flower  stalk.  The 
flowers  are  joined  to 
the  stem  by  a  central  axis,  or  stalk,  which  is  usually  composed 
of  two  parts:  the  stalk  proper,  which  is  known  as  the  yedicel, 
and  an  expanxied  terminal  portion,  the  torus,  or 
on  which  the  other  parts  _qf  tEe 


Fig.  303.  Section  of  a  rose  flower  showing  nu¬ 
merous  separate  pistils  located  in  urn-shaped 
torus 


flowers  are  borne.  (Fig.  3). 

"Arrangement  of  floral  parts.  When  the  torus 
is  convex  and  the  other  floral  parts'~'are  attached 
the  ovary,  the  flower  ia-Said  to  be  hyimv- 
nous  (Figs.  284,  299).  In  some  cases  the  torus 
forms"  a  cup-shaped  structure  at  the  summit  of 
which  are  borne  the  sepals,  petals,  and  stamens. 

Such  flowers  are  perigynous  (Fig.  299).  When 
the  torus  is  not  merely  a  cup-shaped  structure 
surrounding  the  ovary  but  is  fused  to  the  ovary 
so  that  the  sepals,  petals,  and  stamens  appear  to 
be  attached  above  the  ovary,  the  flower  is  said 
to  be  epigynous  (Figs.  291,  299). 

Simple  and  compoimd  ovaries.  A  carpel  is  a 

simple  pistil  with  one  cavity  and  one  style  (Fig. 

300).  Often  several  carpels  are  united  to  form  a  compound  ovary 
(Fig.  287)  .  In  a  flower  there  may  be  a  single  ovary  consisting  of  a 
single  carpel,  as  in  the  cherry  (Fig.  300),  peach,  or  plum  (Fig.  299). 


Fig.  304.  Section 
of  flower  of  Vao 
cinium  showing 
compound  ovary 
with  a  single  style 
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In  the  raspberry  (Fig.  301)  and  strawberry  (Fig.  302)  a  number  of 
separate  carpels  are  located  on  a  central  projection  of  a  torus.  In 


the  rose  there  are  a  number  of  separate  cairpels  which  are  located 
within  an  urn-shaped  torus  (Fig.  303).  Compound  ovaries  com¬ 
posed  of  two  or  more  united  carpels  are  very  common  (Fig.  287), 

as  in  cucumber,  squash,  melons, 
tomato,  etc.  In  compound  pistils 
the  stigmas  may  be  separate  (Fig. 
295)  or  united  to  form'  a  single  pis¬ 
til  (Fig.  304). 

Inflorescences.  Flowersjajie-horne 
in_digepnt^^ 

an3w^ous  types  of  inflorescences  are 
givendiiimctive  names. 

Cyme.  When  a  no wer  terminate 
a  stem  and  the  subsequent  develop¬ 
ment  oflffieTnflor  escence  is  due  to  aux- 
ilia^rtypanches^^  is  a 

cyme  {Fig.  auo). 


Fig.  j  306.  Section  of  flower  of 
calla  lily  showing  spadix  with 
female  flowers  below  and  male 
flowers  above 


sessile  flowers  (that  is, 
flowers  without  stalks)  are  borne  on 
the  side  of  a  simple  undivided  axis,  the 
inflorescence  is  a  spike,  as  in  plantain. 
Catkin.  A  unisexual  scaly  spike  which  falls  off  in  one  piece  after 
flowering  or  fruiting  is  a  catkin,  as  in  birch,  poplar,  and  willow. 
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Spadix.  A  spadix  is  a  fleshy  spike  more  or  less  enclosed  by  a  large 
modified  leaf  known  as  a  spathe,  and  is  characteristic  of  the  aroids,  such 


as  the  calla  lily  and  taro  (Figs.  306, 318). 

Raceme.  A  raceme  is  similar  to  a 
spike  except  that  the  flowers  are  stalked. 
This  is  a  very  common  type  of  inflores¬ 
cence. 

Corymb.  A  corymb  is  similar  to  a 
raceme  except  that  the  lower  flowers 
have  longer  stalks  than  the  upper  ones 
so  that  the  inflorescence  is  more  or  less 
flat-topped. 

Panicle.  A  panicle  is  an  open,  branched 
racemose  inflorescence  (Fig.  305).  It  is  a 
very  common  type  of  inflorescence,  found 
in  many  grasses. 

Umbel.  When  the  flowers  all  appear 
to  arise  from  the  same  place  and  have 
stalks  of  equal  length,  the  inflorescence 
is  an  timbol,  as  in  carrot  and  celery. 

Head.  A  head  is  a  globular  or  some¬ 
what  flattened  cluster  of  sessile  flowers 
(Figs.  305,  307). 

POLLINATION 

Cross-pollination.  Most  flowers 
are  so  arranged  as  to  facilitate  the 
transfer  of  pollen  from  the  stamens 
of  one  flower  to  the  stigma  of  another 
(cross-pollination)  rather  than  from 
the  stamens  to  the  stigma  of  the  same 
flower  (self-pollination).  When  the 
stamens  and  pistils  occur  in  different 


Fig.  3071  Flower  head  of  arti¬ 
choke  iCynara  scolymus) 

The  artichoke  belongs  to  the 
sunflower  family.  A,  head;  D, 
a  single  flower;  s,  stigma;  a, 
anther;  c,  corolla;  co,  cal3rx; 
0,  ovary.  B,  flower  head  in  bud, 
the  edible  stage.  C,  section  of 


flowers,  the  flowers  must  be  cross-  bud.  Note  that  it  is  the  young 
pollmated.  Cross-pollination  is  also  S/ ‘ 

usual  in  bisexual  flowers.  One  of 

the  simplest  arrangements  which  assures  this  is  the  maturing  of 
the  stigmas  and  anthers  at  different  times  (Figs.  308,  309).  An¬ 
other  method  is  seen  in  the  primrose,  where  on  some  plants 


all  flowers  have  the  stigma  above  the  anthers  and  on  other  plants 
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the  anthers  arc  above  the  stigmas.  A  bee  entering  either  type  of 
floirwould  have  the  pollen  dusted  on  h,ni  m  such  a  way  that 
h^ould  leave  it  on  the  stigma  of  the  opposite  type  of  flower  . 


Fig.  308.  Flowers  of  Clerodendron 

Left,  presentation  of  stamens;  right,  presentation  of  stigma,  the  stamens 
having  coiled  under  the  petals,  (x  1) 

The  most  usual  agents  for  the  transfer  of  pollen  from  one  plant 
to  another  are  insects  and  wind.  Other  agencies,  such  as  small 
birds,  may  be  effective.  In  submerged  plants  the  transfer  may 

be  made  by  water. 


Fig.  309.  Flowers  of  plantain 
{Plantago  lanceolata) 


A,  earlier  stage,  pistil  mature,  sta¬ 
mens  not  yet  appearing  outside  the 
corolla ;  B,  later  stage,  pistil  with¬ 
ered,  stamens  mature.  Six  times 
natural  size 


Fig.  310.  Feathery  stigmas  of  a 
grass.  (Xl2) 
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Wind  pollination.  Some  flowers  have  no  perianth  at  all,  and 
others  have  very  inconspicuous  ones.  In  such  cases  the  pollen  is 
frequently  produced  _  _ 


in  large  quantities  and 
is  carried  by  the  wind 
from  one  flower  to 
another.  Indian  corn 
is  a  good  example  of 
a  plant  that  has  rather 
inconspicuous  flowers 
and  is  wind-pollinated. 
The  male  flowers  oc¬ 
cur  at  the  top  of  the 
plant  in  what  is  com¬ 
monly  known  as  the 
tassel.  The  female 
flowers  are  produced 
lower  down  in  heads, 
which  after  fertiliza¬ 
tion  become  the  ears 
of  corn.  The  long, 
silky  hairs  which  pro¬ 
ject  from  these  ears 
are  the  styles  and 
stigmas.  The  female 
flowers  are  thus  in  a 
favorable  position  to 


have  pollen  blown  to  Fig.  311.  Pollination  of  Vallisneria  gigantea;  size 
them  from  the  male  ,  exaggerated 


flowers  of  other  plants. 

Grasses,  many  trees, 
and  some  shrubs  and 


Left,  a  female  plant  with,  a  flower  floating  on  the 
surface  of  the  water ;  right,  a  male  plant  with  two 
spikes  of  male  flowers.  The  covering  of  the  spike 
at  the  left  is  open  and  the  flowers  are  becoming 


hprhq  nrp  nollinated  detached  and  rising  to  the  surface,  where  they 
u  1  A  T  ■  open  and  float.  The  stamens  of  one  male  flower 

by  tne  Wina.  i  O  in-  contact  with  the  stigma  of  the  female  flower 

sure  pollination,  wind- 

pollinated  species  produce  large  quantities  of  pollen;  and  when 
the  pistils  and  stamens  occur  in  separate  flowers,  the  male  flowers 
are  very  much  more  numerous  than  the  female  ones.  The  pro- 
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auction  of  lai^e  quantities  of  pollen  is  evidently  necessary  when 
most  of  it  must  be  wasted,  as  is  the  case  with  wmd-pollmated 


Fig.  312.  Flowers  of  poinsettia  [Euphorbia  pulcherrima) 

Left  flower  head  —  at  the  left  of  the  head  is  a  cup-shaped  nectary,  and  pro- 
^ecttaffrom  the^^^^  are  three  male  flowers  and  one  female  flower;  center,  a 
Sic  female  flower  composed  of  a  stalk  and  pistil ;  right  a  ™gle  mate  flower 
composed  of  a  stalk  and  a  single  stamen.  Compare  with  Fig.  98.  (X  2^) 

species,  where  it  is  only  by  rare  chance  that  a  gram  of  pollen  will 
be  blown  to  the  stigma  of  the  same  species.  The  stigmas  of  wind- 
pollinated  plants  are  usually  broad  and  feathery,  and  so  afford  a 

large  surface  for  catching  pol¬ 
len  (Fig.  310).  This  naturally 
increases  the  chance  that  pol¬ 
len  will  reach  the  stigma. 
Many  wind-pollinated  species 
produce  their  flowers  above  the 
foliage,  as  is  usually  true  of 
grasses,  or  at  a  time  when  they 
do  not  have  leaves,  as  is  the 
case  with  numerous  trees  of 
the  temperate  zone  which  pro¬ 
duce  their  flowers  early  in  the 
spring  before  the  leaves  have 
appeared.  Either  of  these  ar¬ 
rangements  increases  the  chance  of  pollen’s  reaching  the  stigma. 

^Vind-pollination  is  especially  adapted  to  species  which  grow  to¬ 
gether  in  large  numbers,  rather  than  to  those  which  are  scattered 
in  mixed  stands.  Since  grasses  often  cover  quite  extensive  areas. 


Fig.  313.  Musaenda  erythrophylla 

The  most  conspicuous  part  of  this 
flower  is  a  single  greatly-enlarged  red 
calyx-lobe 
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they  are  very  well  adapted  to  this  method  of  pollination,  as  are 
also  forest  trees  which  grow  in  stands  of  one  or  a  few  species.  Wind 
pollination  is  much  more  frequent  in  the  forests  of  the  temperate 
zone,  which  are  composed  of  one  or  a  few  species,  than  in  the  forests 
of  the  moist  tropics,  where  as  a  rule  the  stand  is  made  up  of  a  great 
variety  of  trees. 

Insect  pollination.  Insects  are  attracted  to  flowers  by  their  odor, 
by  their  conspicuousness,  or  by  both  odor  and  conspicuousness, 


Fig.  314.  Flower  cluster  of  a 
legume,  rain  tree  (Enterolobium 
saman) ,  showing  brightly  colored 
stamens.  (  X 


Fig.  315.  Showy  flower  head  of  a  le¬ 
gume,  Leucaena  glauca 

The  conspicuousness  of  the  head  is 
due  to  white  stamens  and  pistils,  (x  1) 


and  visit  them  for  the  purpose  of  collecting  nectar  and  pollen, 
which  serve  them  as  food.  While  visiting  a  flower  the  body  of 
an  insect  becomes  dusted  with  pollen,  which  may  subsequently 
be  caught  on  the  stigma  of  another  flower  visited. 

Nectar  is  a  sweet  liquid  that  is  secreted  by  glands  which  may 
be  on  the  torus  (Figs.  284,  312)  or  on  the  petals,  or  elsewhere. 
Conspicuous  cavities  in  the  petals  frequently  contain  nectar  glands. 
Bees  use  nectar  in  making  honey. 
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Many  flowers  that  do  not  se¬ 
crete  nectar  produce  large  quan¬ 
tities  of  pollen,  which  serves  as 
food  for  insects.  Although  the 
insects  may  use  a  considerable 
part  of  the  pollen,  nevertheless 
some  of  it  sticks  to  their  bodies 
and  is  carried  to  the  stigmas  of 
other  flowers. 

Insect-pollinated  species  fre¬ 
quently  have  pollen  which  either 
is  sticky  or  is  furnished  with  nu¬ 
merous  projections  which  help 
make  the  pollen  adhere  to  the 
body  of  an  insect,  while  the  bodies 
of  the  pollinating  insects  are  usu¬ 
ally  hairy.  When  the  stigma  of  a 
flower  is  mature,  it  has  a  sticky 
surface  to  which  pollen  grains 
adhere  when  the  stigma  is  touched 
by  a  part  of  an  insect  on  which  pollen  has  been  caught. 

Water  pollination.  A  few  species  of  submerged  water  plants 
have  female  flowers  that  lie  on 
the  surface  of  the  water  and  male 
flowers  that  become  detached, 
float  to  the  female  flowers,  and 
deposit  pollen  on  the  stigmas.  A 
well-known  example  is  the  com¬ 
mon  eel  grass,  ValUsneria  (Fig. 

311). 

Conspicuous  flowers.  In  typi¬ 
cal  flowers  the  conspicuous  part 
is  the  perianth,  but  in  many 
insect-pollinated  species  the  per¬ 
ianth  is  lacking  or  inconspicuous, 
while  other  structures  are  showy 
and  serve  for  the  attraction  of  insects  (Figs.  98,  312,  313). 

In  Acg^ia  and  many  others  of  the  bean  family  the  perianth  is 


Fig.  316.  Flower  of  Canna 

Below  is  the  ovary  surmounted  by 
three  small  sepals,  within  which  are 
three  narrow  petals.  The  conspic¬ 
uous  parts  are  the  stamens,  the  cen¬ 
tral  one  of  which  bears  an  anther  on 
the  margin  to  the  left.  In  the  center 
of  the  flower  is  the  stigma,  (x  f) 


Fig.  317.  Flower  head  of  bachelor’s 
button  (Gomphrena  globosa) 

The  flowers  are  small,  and  each  is 
surrounded  by  two  conspicuous 
white  or  brightly  colored  specialized 
leaves  or  bracts.  (X  1) 
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inconspicuous,  but  a  large  number  of  flowers  with  long  stamens 
are  crowded  together  into  a  showy  feathery  ball  (Figs.  314,  315). 

In  Canna  the  calyx  and  corolla  are  rather  inconspicuous,  and  the 
bright-colored  part  of  the  flower  is  composed  of  petal-like  stamens 


Fig.  318.  Flower  cluster  of  elephant’s-ear 
{Alocasia  indica) 


The  inflorescence  is  in  the  center,  the 
upper  part  being  sterile  and  the  lower 
bearing  numerous  flowers;  the  whole  is 
surrounded  by  a  specialized  leaf  called 
a  spathe.  (X  4) 


Fig.  319.  Single  flower  (  X  If)  and 
flower  head  (  X  f)  of  a  sunflower 
(Helianthus  cucumerifolius) 

In  the  single  flower  the  parts  from 
below  upward  are  ovary,  calyx, 
corolla,  stamens,  and  stigma 


In  many  species  the  flowers  themselves  are  small  and  incon¬ 
spicuous,  but  they  are  surrounded  by  large,  brightly  colored  leaf¬ 
like  bracts  (Figs.  100,  317).  In  the  family  Araceae  a  large  nurnber 
of  small  flowers  are  crowded  together  on  a  long  stalk,  and  the  w  o  e 
flower  shoot  is  more  or  less  surrounded  by  a  large  white  or  bright- 

colored  bract  called  a  spathe  (Figs.  306,  318). 

In  many  cases  individual  flowers  are  not  showy  themselves, 
but  they  are  crowded  together  in  groups  which  are  very  conspicu- 
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ous.  In  the  family  Compositae  this  condition  is  carried  so  far  that 
the  individual  flowers  are  crowded  into  heads  which  superficially 
resemble  single  flowers  (Figs.  307,  319,  320),  as  is  the  case  with  the 
sunflower,  cosmos,  daisy,  and  chrysanthemum. 

Odors  of  flowers.  Many  flowers  possess  odors  which  serve  to 
attract  insects,  and  a  large  number  of  inconspicuous  flowers  are 


Fig.  320.  Single  flower  (  X  2)  and  flower  head  (  X  -1)  of  marigold 

In  the  single  flower  the  expanded  portion  is  the  corolla ;  in  the  center  of  this 
are  shown  the  style  and  the  stigma  surrounded  by  stamens 

pollinated  by  insects  that  are  attracted  by  the  odor.  Conspicuous 
flowers  frequently  have  odors,  although  in  many  cases  they  are 
odorless.  The  odors  are  due  to  essential  oils  which  are  volatile  and 
odoriferous. 

The  essential  oils  of  flowers  are  extensively  employed  in  the 
manufacture  of  perfumes,  toilet  waters,  and  face  and  sachet 
powders.  Various  methods  such  as  steam  distillation,  extraction 
with  fats  (preparation  of  flower  pomades),  and  extraction  with 
volatile  solvents  are  used  to  obtain  the  perfume  oils  from  flowers. 
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FERTILIZATION 

Growth  of  pollen  tube.  The  transfer  of  the  pollen  from  the 
anthers  to  the  stigma  is  known  as  pollination,  and  is  followed  by 
the  growth  of  the  pollen  tube,  which  leads  to  fertilization.  After 
the  pollen  grain  has  been  deposited  on  the  stigma  (Fig.  321),  it 
sends  out  a  protuberance,  or  pollen  tube  (Figs.  322,  323),  which 
grows  down  through  the  style  till  it  reaches  the  ovule.  In  passing 


Fic.  321.  Pollen  grains  depos-  Fig,  322.  Pollen  tubes  growing  on  a 

ited  on  a  stigma  stigma 

After  BaiUon  After  BaiUon 


through  the  style  the  tube  absorbs  nourishment  from  the  cells  of 
the  style.  After  reaching  the  ovary  the  pollen  tube,  continuing  to 

grow,  enters  an  ovule  (Fig.  4).  i.  ,  •  i 

There  are  three  nuclei  in  the  pollen  tube.  One  of  these  is  known 
as  the  tube  nucleus,  and  appears  to  govern  the  activity  of  the 
pollen  tube ;  the  other  two  are  male  nuclei.  Their  functions  will 
be  better  understood  after  we  have  considered  the  ovule. 

Structure  of  ovule.  The  ovule  (Fig.  324)  consists  of  a  central 
mass,  the  nucellus,  which  is  joined  to  the  ovary  wall  by  a  stalk,  the 
fimiculas,  and  is  surrounded  by  two  cellular  membranes,  the  miepur 
ments.  The  ovule  may  be  straight  (Fig.  326),  but  more  usually  it  is 
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talttached  to  the  funiculus  is  known  as  the  chabzal  end.  At  the 


Fk.  323.  Germination  and  growth  ot  pollen  grains  on  a  stigma  ol  the  purslane 
(Portulaca  oleracea) .  (  X  lo5J 

opposite  end  of  the  ovule  there  is  an  opening,  the  rrdcropyle,  which 
extends  through  the  integuments,  and  through  which  the  Pol 
tube  passes  when  it  enters  the  ovule.  In  the  nucellus  at  the  mi- 
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cropylar  end  is  the  embryo  sac,  which  is  usually  somewhat  oval. 
Within  this  embryo  sac  are  six  cells  and  two  free  nuclei,  the  polar 
nuclei.  The  cells  occur  in  a  group  of  three  at  the  micropylar  end 
and  another  group  of  three  at  the  chalazal  end.  The  three  at  the 
micropylar  end  consist  of  a  large  cell,  the  egg,  and  two  small  cells, 
the  synergids.  At  the  chalazal  end  of  the  sac  the  three  cells  are 


Fig.  324.  Ovule  of  Zephyranthes  rosea 


i  fnnipulus  ■  w  micropyle ;  o,  outer  integument ;  i,  inner  integument ;  n,  nu- 
'remteyTraoTs,  e,  egg;  p.  polar  nudeus,  a,  antipodal 

cell.  (X  115) 


usually  small 
originate  one 


and  are  known  as  antipodals.  The  two  polar  nuclei 
at  each  end  of  the  embryo  sac,  but  later  move  to  the 


Development  of  ovule.  The  ovule  starts  as  a  smaU  conical 
proiection.  ‘  Soon  the  inner  integument  appears  as  a  collar  around 
L  young  ovule  and  grows  upward  (Fig.  325).  It  is  followed  by  a 
second  integument  which  grows  over  it.  The  two  integuments 


Fig.  325.  Diagrammatic  representation  of  development  of  ovule 

A-EyK-N,  growth  of  integuments;  F,  G,  gynospore  (megaspore)  mother  cell; 
H,  I,  two  divisions  of  nucleus  to  form  four  spores ;  J,  three  spores  compressed, 
one  enlarged,  its  nucleus  dividing ;  0,  binucleate  stage  of  embryo  sac,  upper 
spores  degenerating ;  P,  four-nucleate  stage ;  Q,  eight-nucleate  stage ;  R,  cells 
formed  (above,  egg,  synergids;  below,  antipodal  cells;  center,  polar  nuclei) 


i 
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continue  to  grow  until  they 
have  covered  the  nucellus 
(Fig.  325). 

At  an  early  stage,  a 
large  cell  known  as  a  spore 
mother  cell  is  differentiated 
in  the  nucellus.  This  con¬ 
tinues  to  grow,  and  forms 
a  row  of  four  cells  known 
as  spores.  The  three  near¬ 
est  the  apex  degenerate, 
while  the  lowest  enlarges 
and  gives  rise  to  the  embryo 
sac  (Fig.  325).  The  nu¬ 
cellus  divides  to  form  two 
nuclei.  Each  of  these  then 
divides  to  form  two  nu¬ 
clei,  which  results  in  a 
four-nucleate  stage.  Up 
to  this  time  there  are  no 
walls  in  the  embryo  sac. 
The  four  nuclei  divide  to 
form  eight.  Walls  are  then 
formed  in  such  a  way  that 
there  are  three  cells,  an  egg 
and  two  synergids,  at  the 
micropylar  end,  while  at 
the  chalazal  end  there  are 
three  antipodals  (Figs.  324, 
325,  326).  The  nuclei 
which  are  left  free  in  the 
embryo  sac  are  the  polar 
nuclei. 

Development  of  pollen 
tube.  When  the  pollen 
grain  is  first  formed  it 
contains  one  nucleus.  This 


Fig.  326.  Diagrammatic  representation  of 
an  ovary  with  a  straight  ovule  and  also 
of  the  development  of  the  pollen  tube 

B,  a  pollen  grain  with  a  tube  nucleus  and 
two  rnale  nuclei ;  A,  pollen  grain  on  stig¬ 
ma  ;  C,  pollen  tube  growing  into  stigma ; 
D,  the  pollen  tube  entering  the  micropyle. 
The  large  cell  in  the  micr9pylar  end  of 
the  embryo  sac  is  the  egg,  while  the  two 
at  the  sides  of  the  egg  are  the  synergids. 
At  the  other  end  of  the  sac  are  three 
antipodal  cells.  In  the  center  the  two 
polar  nuclei  are  fusing 


nucleus  gives  rise  to  three  nuclei,  usually  before  but  sometimes 
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after  the  germination  of  the  pollen  grain.  These  nuclei  consist  of 
a  tube  nucleus  and  two  male  nuclei  (Fig.  326).  The  tube  nucleus 
apparently  has  to  do  with  the  growth  of  the  pollen  tube,  as  it  enters 

the  tube  at  an  early  stage  and  during 
the  growth  of  the  tube  towards  the 
ovule  it  precedes  the  two  male  nu¬ 
clei.  The  pollen  tube  grows  down 
through  the  style  and  toward  the 
ovule,  which  it  enters  by  way  of  the 
micropyle. 

Fertilization.  When  the  pollen  tube 
reaches  the  ovule,  it  grows  through 
the  micropyle  (Figs.  327,  328)  and 
then  into  the  embryo  sac,  where  it 
discharges  the  two  male  nuclei.  One 
of  these  enters  the  egg  and  fuses  with 
the  ' nucleus  of  the  egg  (Fig.  328). 
This  process  is  known  as  fertilization, 
and  the  product  as  the  fertilized  egg. 
The  fertilized  egg  develops  into  an 
embryo,  which  is  found  in  the  seed, 
and  the  embryo  in  turn,  after  the 
germination  of  the  seed,  grows  into 
a  mature  plant. 

. Endosperm.  The  male  nucleus 

which  does  not  fertilize  the  egg  moves 
to  the  center  of  the  embryo  sac  and 
fuses  with  the  two  polar  nuclei  to  form 
a  single  nucleus  known  as  the  endo¬ 
sperm  nucleus.  This  endosperm  nu¬ 
cleus  rapidly  undergoes  successive 
has  entered  the  ovule  through  (divisions  to  produce  an  endosperm. 

t  e  micropy  e  walls  are  formed,  and  the 

nuclei  lie  freely  in  the  cytoplasm  of  the  enlarged  embryo  sac. 
Later  walls  appear,  and  the  endosperm  becomes  cellular  with  each 
cell  containing  a  single  nucleus.  The  endosperm  absorbs  nourish¬ 
ment  from  the  surrounding  tissue  and  passes  it  on  to  the  embryo. 
The  endosperm  may  be  entirely  absorbed  by  the  developing  em- 


Fig.  327.  Diagram  of  section  of 
an  ovary  with  an  ovule  bent 
back  on  the  funiculus.  Note 
growth  of  pollen  tube  toward 
embryo  sac 

Within  the  ovary  is.  a  single 
ovule;  in  the  center  of  the 
ovule  is  the  embryo  sac  sur¬ 
rounded  by  the  nucellus  and 
this  by  two  integuments.  A 
pollen  tube  has  grown  from  the 
pollen  grain  on  the  stigma  and 
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Fig.  328.  Diagrammatic  representation  of  fertilization  and  development 

of  embryo 


A,  the  pollen  tube  is  shown  as  having  entered  through  the  micropyle,  while  a 
curved  male  nucleus  Hes  in  the  egg  just  below  the  egg  nucleus ;  the  two  polar 
nuclei  have  fused  to  form  a  single  nucleus  and  the  second  male  nucleus  is  near 
this  fusion  nujcleus.  B,  the  male  and  egg  nuclei  are  nearly  fused,  while  the 
second  male  nucleus  is  fusing  with  the  nucleus  formed  by  the  fusion  of  the 
polar  nuclei,  to  form  the  endosperm  nucleus.  C,  the  endosperm  nucleus  is 
dividing.  D,  a  young  embryo  has  developed  from  the  fertilized  egg  and 
numerous  endosperm  nuclei  are  dividing.  E,  a  more  advanced  stage.  F,  the 
cotyledons  are  beginning  to  appear  on  the  embryo,  while  the  endosperm  has 
become  cellular.  G,  a  seed  in  which  the  embryo  is  surrounded  by  endosperm 
and  this  by  .two  integuments 

bryo  before  the  seed  becomes  mature,  or  it  may  remain  in  the 
seed,  surround  the  embryo  in  the  mature  seed,  and  be  absorbed 
only  during  the  germination  of  the  seed  (Fig.  360). 


CHAPTER  XIV 

THE  FRUIT  AND  THE  SEED 
THE  FRUIT 

The  term  fruit,  in  the  botanical  sense,  is  used  to  denote  that 
part  of  the  plant  in  which  the  seeds  are  found.  It  consists  essen¬ 
tially  of  the  ripe  ovary,  but  it  may  also  include  other  floral  parts 
which  are  connected  with  the  ovary.  The  name  fruit,  used  in  this 
sense,  includes  much  more  than  the  popular  term  fruit ;  it  em- 


Fic.  329.  Collective  fruit  of  mulberry 

Left,  a  female  flower  (x  4D ;  center,  entire  fruit  (x  ID  J  right,  single  mature 
fruit  in  which  the  fleshy  portion  consists  of  enlarged  calyx  (x  3) 

braces  not  only  what  are  generally  known  as  fruits  but  also  some 
vegetables,  and  even  dry,  inedible  structures.  To  the  botanist 
cucumbers,  tomatoes,  or  bean  pods  with  the  included  seeds  are 
just  a,s  truly  fruits  as  are  apples  and  oranges. 

Collective  and  aggregate  fruits.  Most  fruits  are  structures  de¬ 
rived  from  one  ovary  in  one  flower.  The  wall  of  the  ovary  develops 
into  the  covering  of  the  fruit,  known  as  the  pericarp,  which  encloses 
a  seed.  A  pericarp  is  composed  of  three  layers ;  an  external  exo¬ 
carp,  a  middle  mesocarp,  and  an  internal  endocarp.  These  may  be 
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so  distinct  that  the  exocarp  forms  a  skin,  the  mesocarp  a  fleshy 
portion,  and  the  endocarp  a  hard  shell  around  the  seed  (Figs. 
354,  356). 

In  some  cases  a  number  of  separate  flowers  may  form  a  collective 
fruit  (Figs.  329,  330,  345),  as  in  the  pineapple  (Fig.  330)  and  bread- 


Fig.  330.  Collective  fruit  of  pineapple 

Left,  mature  fruit.  Note  that  the  fruit  is  made  up  of  a  number  of  fused  fruits 
and  that  each  of  these  is  subtended  by  a  bract  (&).  In  this  pineapple  the  re¬ 
mains  of  the  three  petals  show  plainly  (p),  but  in  many  pineapples  they  dis¬ 
appear  before  the  fruit  is  ripe.  Right,  a  section  showing  a  single  fruit  and 
portions  of  two  adjacent  fruits.  The  parts  of  the  flower  show  plainly  in  this 
figure:  b,  bract;  s,  sepal;  a,  anther  of  one  of  the  stamens;  p,  petal;  si, 
style;  o,  abortive  ovule.  The  chief  difference,  except  for  size,  between  the 
appearance  of  the  inflorescence  in  the  flowering  stage  and  of  the  mature  fruit 
is  in  the  petals.  In  the  flowering  stage  the  flowers  open  a  few  at  a  time  progres¬ 
sively  from  base  to  apex,  and  the  three  purple  petals,  while  not  conspicuous, 
are  plainly  visible.  In  the  mature  fruit  either  they  are  shrivded,  as  in  the 
specimen  illustrated,  or  they  have  disappeared 

fruit  (Fig.  331).  In  both  of  these  cases  the  fruit  is  formed  from  a 
compact  inflorescence  in  which  many  individual  flowers  are  joined 
together  from  the  time  that  they  are  first  formed.  Moreover,  the 
inflorescence,  except  for  size,  has  an  appearance  which  is  almost 
identical  with  that  of  the  mature  fruit. 


296 


The  Plant  Kingdom 

When  several  separate  ovaries  in  one  flower  unite  to  produce  a 
fruit,  this  fruit  is  known  as  an  aggregate  fruit  (Figs.  332,  333; 
compare  Fig.  334). 

Composition  of  fruits.  Some  fruits  are  produced  by  superior 
ovaries,  and  others  by  inferior  ones.  An  ovary  is  said  to  be  mye- 


Fig.  331.  Collective  fruit  of  breadfruit  (Artocarpus  communis) 

Left,  mature  fruit  with  some  of  the  seed-containing  part  removed  to  show 
structure  (x  i).  Right,  section  of  inflorescence  at  time  of  flowering.  At  this 
stage  the  ovaries  are  completely  fused  together  and  the  form  of  the  inflores¬ 
cence  is  almost  exactly  like  that  of  the  mature  fruit.  Note  ovaries  with  styles 
running  outward  and  each  terminating  in  two  stigmas 

rior  when  the  point  of  attachment  of  the  calyx  and  corolla  is  below 
the  ovary  (Figs.  283,  284,  300),  and  inferior  when  the  point  of 
attachment  is  above  the  ovary  (Figs.  291,  316,  299),  as  in  epigy- 
nous  flowers.  In  the  latter  case  the  torus  may  be  considered  as  hav¬ 
ing  a  bottlelike  form,  at  the  summit  of  which  the  calyx,  corolla, 
and  stamens  are  attached.  In  such  cases  the  torus  takes  part  in 
the  formation  of  the  fruit.  When  the  fruit  is  derived  from  a  su¬ 
perior  ovary,  the  remains  of  the  calyx  can  frequently  be  found  at 
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the  base  of  the  fruit,  as 
in  the  grapefruit  (Fig. 

335)  and  orange.  When 
the  ovary  is  inferior,  the 
remains  of  the  calyx  can 
sometimes  be  plainly 
seen  at  the  apex  of  the 
fruit  (Fig.  336).  In  the 
flower  of  the  apple  five 
imperfectly  fused  car¬ 
pels  are  more  or  less  en¬ 
closed  in  a  cup-like  torus.  Aggregate  fmit  of  strawberry 

During  the  formation  of  portion  is  an  enlarged  toms, 

the  fruit  the  carpels  fuse  Compare  Fig.  302.  (x  1) 

with  the  torus  and  form  the  characteristic  apple  fruit.  In  this 
(Fig.  337)  the  ovary  is  represented  by  the  core  and  the  torus  by 


Fig.  333.  Aggregate  fruit  of 
sugar  apple  (Anona  squa¬ 
mosa)  ,  with  some  sections  re¬ 
moved  to  show  structure 

The  sugar  apple  is  a  native  of 
tropical  America  now  widely 
cultivated  in  tropical  coun¬ 
tries.  It  is  an  edible  fruit.  It 
has  an  excellent  mild  flavor, 
but  is  very  seedy,  as  each  sec¬ 
tion  contauas  a  large  seed, 
(xi) 


Fig.  334.  Separate  fruits  of  ylang- 
ylang  (Canangium  odoratum) 
formed  from  separate  ovaries  in 
the  same  flower 

This  plant  belongs  to  the  same 
family  as  the  sugar  apple,  Fig.  333, 
and  the  arrangement  of  the  ova¬ 
ries  in  the  flower  is  very  similar, 
but  the  development  of  the  fruit 
is  .not.  Ylang-ylang  flowers  yield 
one  of  the  best  and  most  valuable 
perfumes.  (X  §) 
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the  surrounding  fleshy  portion.  The 
rose  fruit  (Fig.  338)  is  an  aggregate 
fruit  in  which  the  torus  surrounds 
distinct  individual  fruits  just  as  the 
torus  in  the  flower  surrounded  the 
individual  ovaries  (Fig.  303). 

In  many  fleshy  fruits  the  fleshy 
part  is  the  ovary  wall  or  a  portion  of 
it  (Figs.  354,  356).  In  others  it  con¬ 
sists  entirely  of  the  enlarged  torus 
(Fig.  332).  In  quite  a  number  of 
fruits  the  fleshy  portion  is  an  aril,  an 
outgrowth  from  the  funiculus,  which 
in  some  cases,  as  in  the  litchi  (Fig. 
339)  completely  surrounds  the  seed.  In  the  litchi  the  aril  forms 
a  thick  translucent  pulp.  The  rambutan  at  the  Malay  Peninsula 
is  closely  related  to  the  litchi  and  has  a  similar  structure. 


Fig.  335.  Grapefruit  developed 
from  superior  ovary 

Note  remains  of  calyx  at  base 
of  fruit.  (X  I) 


Fig.  336.  Berry  of  guava  developed  from  an 
inferior  ovary 


The  guava  is  a  native  of  tropical  America, 
but  is  widely  distributed  and  cultivated  in 
tropical  countries.  Although  it  is  very  seedy 
it  is  a  favorite  fruit  with  natives  of  tropical 
countries.  It  is  much  used  in  making  guava 
jelly.  (X  i) 


FiC.  337.  Cross  section  of  an 
apple  fruit,  showing  ripened 
ovary  surrounded  by  the  en* 
larged  torus 

The  apple  is  grown  only  in 
temperate  countries,  but  ow¬ 
ing  to  its  excellent  shipping 
qualities  it  is  widely  known 
and  eaten  in  the  tropics. 

Compare  Fig-  299-  (x  i) 
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The  nutmeg  is  a  seed  partially 
enclosed  in  a  fleshy  aril,  which 
when  dried  is  the  mace  of  com¬ 
merce.  The  nutmeg  and  mace  are 
surrounded  by  a  pericarp  which 
splits  into  two  valves  when  the 
fruit  is  mature  (Fig.  340). 

In  the  cashew  (Fig.  341)  the 
mature  fruit  consists  of  a  fleshy 


Fig.  338.  Fruit  of  rose  Portion  which  is  formed  largely 

The  flask-shaped  torus  surrounds  huit,  but  in 

a  number  of  individual  fruits  which  the  torus  takes  part.  At  the 

just  as  the  torus  in  the  flower  tip  of  the  fleshy  portion  is  a  true 

surrounded  the  mdividual  pistils  i  j  j?  ^ 

(Fig.  303)  developed  from  the  ovary. 

In  the  lime  the  fleshy  portion  is 
formed  by  hairlike  outgrowths  from  the  walls  of  the  ovary 
(Fig.  342).  In  some  cases 


the  fleshy  part  is  com¬ 
posed  of  the  outer  cover¬ 
ings  of  the  seeds  (Figs. 
378,  343).  In  the  mul¬ 
berry  (Fig.  329)  the  fleshy 
part  consists  largely  of 
thickened,  fleshy  calyx 
lobes ;  see  also  Fig.  344. 
The  collective  fruit  of  the 
pineapple  is  composed  of 
a  central  axis  and  nu¬ 
merous  flowers  which 


become  fleshy.  The  fig 
is  a  hollow  pear-shaped 
inflorescence  on  the  in¬ 
side  of  which  are  many 
flowers  (Fig.  345).  These 
flowers  are  developed 
into  many  small,  seed¬ 
like  fruits  which  are 
often  mistaken  for  seeds. 


Fig.  339.  Fruit  of  litchi 

Left,  a  fruit  from  which  a  part  of  the  pericarp 
has  been  removed  to  show  the  translucent 
pulpy  aril ;  right,  a  section  of  the  fruit  showing 
the  large  shiny  seed  surrounded  by  the  pulpy 
aril  growing  from  the  funiculus  and  this  en¬ 
closed  in  a  thin  pericarp,  (x  ^).  The  litchi 
is  a  delicious  fruit ;  it  is  widely  used  in  Chuia 
and  has  been  introduced  into  other  subtropical 
coimtries.  In  the  dried  litchi  the  pulp  has 
shrunk  away  from  the  pericarp 
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Classification  of  fruits.  Fruits  are  usually  divided  into  two 
classes,  dry  and  fleshy.  The  dry  fruits  may  be  subdivided  into 
dehiscent  fruits,  or  capsules,  and  mdehiscent  fruits.  Dehiscent  fruits 
are  those  which  open  at  maturity  so  that  their  seeds  can  escape, 
while  indehiscent  ones  are  those  which  do  not  open.  Indehiscent 


The  single  seed  is  a  nutmeg.  This  is  more  or  less  surrounded  by  an  aril,  which 
when  dried  is  the  mace  of  commerce.  The  pericarp  when  ripe  splits  into  two 
valves  as  shown  in  the  illustration.  (X  i) 

fruits  may  be  further  subdivided  into  achenial  and  scMzocarpic 
fruits.  The  fleshy  fruits  may  be  divided  into  drupes  and  berries. 

Capsules.  Dry,  several-seeded  to  many-seeded,  dehiscent  fruits 
are  known  as  capsules.  Capsules  are  of  many  shapes,  and  they 
open  in  many  different  ways  (Figs.  346-350,  362,  372,  373).  The 
legume,  or  pod,  and  the  follicle  are  special  kinds  of  capsules.  The 
follicle  and  the  legume  are  each  derived  from  an  ovary  composed 
of  a  single  carpel.  The  follicle  splits  along  one  side  only  (Fig.  348), 
while  the  legume,  which  is  the  characteristic  fruit  of  the  pea  or 
bean  family,  usually  splits  along  two  edges  (Fig.  349). 


Fig.  341.  Development  of  cashew  fruit 

Upper  left,  flower ;  center,  section  of  a  flower,  showing  ovary  surrounded  by 
stamens,  one  of  which  is  much  larger  than  the  others ;  right,  the  fertilized 
ovary  has  already  begun  to  enlarge  j  below,  further  development  of  nut  from 
ovary  and  of  fleshy  portion  from  stalk  and  torus 


Achenial  fruits.  An  achene  is  a  small, 
dry,  indehiscent,  one-seeded  fruit  (Fig. 
351).  The  achenes  of  the  sunflower  are 
sold  under  the  name  of  sunflower  seed. 
The  caryopsis,  or  grain,  differs  from  the 
achene  in  that  the  pericarp,  or  wall  of 
the  fruit,  is  fused  with  the  testa  (the 
outer  covering  of  the  seed).  The  grain 
is  the  typical  fruit  of  the  grasses,  and 
its  structure  can  be  observed  very 
clearly  in  com  (Fig.  388).  The  samara, 
or  hey,  is  a  winged  achene  (Fig.  362). 
The  nut  is  a  one-seeded,  usually  inde- 


Fig.  342.  Cross  section  of 
fruit  of  lime 

The  fleshy  part  consists  of 
hairs  from  ovary  walls.  (X  1) 
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Fig.  343.  Pomegranate  {Punica 
granatum) 

The  pomegranate  has  many  seeds, 
each  surrounded  by  an  edible  pulp, 
which  is  a  portion  of  the  testa  that 
is  fleshy  in  the  mature  fruit 


hiscent  fruit  (Fig.  341)  in  which 
the  pericarp,  the  wall  of  the 
fruit,  is  hard.  Many  structures 
which  are  popularly  called  nuts 
do  not  fit  this  description. 

Schizocarpic  fruits.  These  are 
dry  fruits  which  split  up  into  a 
number  of  one-seeded,  usually 
indehiscent  parts  (Fig.  353),  as 
in  the  castor-oil  plant. 

Drupes.  A  drupe  is  a  fruit  in 
which  the  endocarp  is  hard  and 
the  mesocarp  fleshy  or  fibrous 
(Figs.  354,  355,  356,  389).  Many 
structures  popularly  known  as  nuts 
are  composed  of  the  endocarps  and 
the  seeds  of  drupes ;  the  walnut 
and  the  almond  are  examples.  The 
most  familiar  drupes  have  only 
one  seed  ;  but  in  the  huckleberry 
we  see  a  drupe  which  has  ten 
stones  arranged  in  a  circle. 


Berries.  Fleshy,  indehiscent,  few-seeded  to  many-seeded  fruits 


are  known  as  berries  (Figs.  357,  358).  The  word  berry,  like 


Fig.  344.  Fruit  of  roselle 


The  edible  part  of  this  fruit  consists  of  the  fleshy  calyx  and  bracts;  the  fruit 
proper  is  hard  and  dry.  Left,  entire  fruit;  center,  part  of  fleshy  calyx  re¬ 
moved  ;  right,  section  through  hard  dry  fruit,  showing  hard  seed 
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the  word  fruit  or  the  word  nut,  has  thus 
very  different  botanical  and  popular  mean¬ 
ings.  The  date  is  a  one-seeded  berry,  as  the 
''stone”  is  the  seed  and  not  the  endocarp. 

Tomatoes,  grapes,  and  bananas  are  berries, 
while  oranges,  cucumbers  (Fig.  358),  melons, 
and  apples  are  examples  of  special  classes  of 
berries. 

Classification  inexact.  In  discussing  the 
different  types  of  fruits  it  is  convenient  to  Fig.  345.  Collective 
use  some  such  classification  as  that  given  fruit  of  fig 
above,  although  it  should  be  realized  that  The  separate  fruits 
any  classification  must  be  arbitrary  and  in  are  surrounded  by  an 
many  cases  inexact.  The  fruit  of  the  balsam  stem,  (x  1) 

(Fig.  382)  is  a  somewhat  fleshy  capsule.  Many  capsules  have  no 
regular  method  of  dehiscence. 


Fig.  348.  Follicle  of 
a  milkweed  {Asclepias 
curassdvica) ,  showing 
liberation  of  seeds  with 
their  hairy  appendages. 

(Xi) 


Fig.  349.  Unusual  types  of  pods 

Left,  Abrus  precatorius  (x  1) ;  the  seeds  are  very  hard 
and  bright  red,  each  with  a  black  spot  at  one  end, 
and,  although  indigestible,  are  dispersed  by  birds. 
Right,  Pithecolobium  dulce  (X  i) ;  the  seeds  have  a 
white  fleshy  covering  and  are  dispersed  by  birds 


Fig.  350.  Two-valved  capsule  of  candytuft 

This  type  of  capsule  is  known  as  a  silicle.  If  it  were  long  and  slender,  as  in 
cabbage  or  mustard,  it  would  be  a  silique.  (x  3) 


Fig.  351.  Achenes  of  Ele-  ^52.  Samaras  of  Fic.  353.  Schwocar- 

phantopus,  Cosmos,  and  Securidaca  corymhosa  Pic  Pods  of  sensitive 

Bxdens  (beggar-ticks)  ^rxATarrietUisylvatica.  plant  (Mimosa  pu- 

(X|)  dica)  and  tick  trefoil 


These  are  dispersed  by  ad¬ 
hering  to  animals,  (x  2^) 


plant  (Mimosa  pu' 
dica)  and  tick  trefoil 
(Desmodiumgangetu 
cum).  (X  1) 
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THE  SEED 


A  seed  is  a  structure  developed  from  an  ovule.  It  consists  of  an 
embryo,  stored  food  which  may  be  either  in  or  around  the  embryo, 
and  one  or  two  coverings  called  seed  coats  (Figs.  359,  360). 

The  embryo.  This  consists  of  a  small  undeveloped  shoot  called 
the  'plumule,  a  cylindric  structure  known  as  the  radicle,  which  will 
develop  into  a  root, 
and  one  or  two  large 
leaves  which  are  the 
cotyledons,  or  seed 
leaves  (Figs.  359, 

361).  Plants  with  one 
cotyledon  (Figs.  388, 

389)  are  called  mono¬ 
cotyledons;  those  with 
two  (Fig.  359)  are 
called  dicotyledons. 

Endosperm.  In 
some  seeds,  such  as 
the  squash  seed  and 
the  lima  bean,  the 
cotyledons  are  large 
and  fleshy  and  are 
filled  with  stored  food 
(Figs.  359,  361).  In 
others  the  cotyledons 
are  thin  and  are  sur¬ 
rounded  by  a  mass 
of  fodd-storage  tissue, 
the  endosperm,  as  in  the  seed  of  the  castor-oil  plant  shown  in 
Fig.  360.  Most  seeds  of  flowering  plants  contain  an  endosperm 
at  some  stage  of  their  development,  and  the  food  stored  in  this 
endosperm  is  absorbed  by  the  cotyledons.  In  many  cases  the 
endosperm  is  completely  absorbed  before  the  seeds  are  mature, 
and  in  such  cases  the  ripe  seed  does  not  contain  an  endosperm 
(Figs.  359,  361).  In  other  cases  much  of  the  food  material  in  the 


Fic.  359.  Longi¬ 
tudinal  section 
of  squash  seed 

c,  cotyledon ;  p, 
plumule ;  r,  rad¬ 
icle  ;  tm,  tegu¬ 
ment  ;  is,  testa ; 
m,  micropyle. 
(X3) 


Fig.  360.  Ventral,  dorsal,  and 
lateral  views  of  seed  of  castor- 
oil  plant  (Ricinus  communis), 
with  section  of  seed 

Above :  ca,  caruncle ;  h,  hilum. 
Below :  at  left,  section  cut  from 
side  to  side ;  at  right,  section  cut 
perpendicular  to  dorsal  surface ; 
r,  radicle ;  p,  plumule ;  c,  coty¬ 
ledon  ;  e,  endosperm ;  tm,  tegu¬ 
ment;  is,  testa.  (X  2) 
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endosperm  is  not  absorbed  by  the  cotyledons  until  the  seeds 
germinate.  In  these  cases  the  mature  seed  contains  an  endosperm 
Perisperm.  In  the  ovule  the  embryo  sac  is  surrounded  by  the 
nucellus.  Just  as  the  embryo  absorbs  food  material  from  the  en¬ 
dosperm,  so  the  endosperm  absorbs  food  material  from  the  nu¬ 
cellus.  In  most  seeds  the  nucellus  is  entirely  absorbed  before  the 
seed  is  ripe,  and  even  the  inner  integument  may  be  so  absorbed. 
In  some  cases,  however,  the  ripe  seed  contains  an  embryo  sur¬ 
rounded  by  the  endosperm,  and  this,  in  turn,  by  the  nucellus. 
When  the  nucellus  remains  in  the  mature  seed  it  is  known  as 
perisperm. 


Fic.  361.  Lima  bean,  showing  lateral,  ventral,  and  dorsal  views  and  embryo 

At  left:  m,  micropyle;  h,  Mum.  At  right:  embryo  with  seed  coat  and  one 
cotyledon- removed;  r,  radicle;  p,  plumule;  c,  cotyledon,  (x  1^) 

Seed  coats.  The  seed  coats  are  derived  from  the  integuments 
of  the  ovule.  The  outer  seed  coat,  or  testa,  develops  from  the  outer 
mtegument.  The  testa  is  usually  thick  and  hard  (Fig.  359).  The 
inner  seed  coat,  or  tegmen,  is  usually  thin  (Fig.  359).  This- is  de¬ 
rived  from  the  inner  integument.  In  some  cases  there  is  only  one 
seed  coat. 

Hilum.  On  the  testa  there  is  a  scar  marking  the  place  where  the 
funiculus  was  attached  to  the  ovule  (Fig.  361).  This  scar  is  known 
as  the  hilum. 

Micropyle.  The  testa  is  pierced  by  a  small  hole,  the  micropyle 
(Fig.  361),  which  is  the  same  structure  as  the  micropyle  in  the 
ovule.  The  tip  of  the  radicle  points  toward  the  micropyle. 
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SEED  DISPERSAL 

We  have  seen  that  the  seed  consists  of  an  embryo,  stored  food 
material,  and  a  protective  covering.  The  embryo  is  capable  of 

growing  into  a  plant,  and  the  stored 
food  material  furnishes  it  with  a 
supply  of  food  for  its  growth  in  the 
period  before  it  has  become  estab¬ 
lished.  Most  seeds  are  also  provided 
with  some  means  of  dispersal. 
Without  this  the  great  majority  of 
seeds  would  fall  under  the  parent 
plant  and  not  be  carried  to  a  loca¬ 
tion  favorable  to  germination  and 
growth.  The  mechanism  of  dis¬ 
semination  may  be  a  part  of  the 
seed  itself  or  may  belong  to  sur¬ 
rounding  portions  of  the  fruit.  The 
principal  agencies  by  which  seeds 
are  dispersed  are  wind,  water,  ani¬ 
mals,  and  explosive  mechanisms. 
Dispersal  by  wind.  Either  the 
whole  fruit  or  the  individual  seeds  may  be  suited  to  dispersal  by 
wind.  Seeds  that  are  thus  disseminated  are  characteristically 
light.  The  means  of  adaptation  to  wind  dispersal  may  be  grouped 
under  the  headings  of  minute  seeds, 
flattened  fruits  or  seeds,  winglike  ouir 
growths,  feathery  appendages,  and  the 
so-called  censer  mechanisms. 

Minute  seeds.  The  seeds  of  or¬ 
chids  are  very  small  and,  besides, 
have  a  light,  inflated  outer  covering. 

These  dustlike  seeds  can  be  blown 
by  the  wind  for  great  distances 
(Fig.  362). 

Wings.  In  many  cases  seeds,  and  in  others  whole  fruits,  are 
flattened  or  have  winglike  outgrowths  (Figs.  363,  364,  365,  368 ; 
compare  Figs.  367,  369),  or  they  may  be  both  flattened  and 


Fig.  363.  Flattened  wing  fruit 
of  T erminalia  calamansanay 
(  X  i) 


Fig.  362.  Capsule  of  an  orchid 
(Cymbidium  finlaysonianum) 
open  and  with  minute  seedsbeing 
scattered  by  the  wind.  •(  X  i) 
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winged  (Fig.  366).  This  type  of 
structure  results  in  the  scattering 
of  the  seed  by  the  wind. 

Feathery  appendages.  Seeds 
(Fig.  348)  or  fruits  (Figs.  370, 371) 
may  have  feathery  appendages 
which  greatly  increase  their  buoy¬ 
ancy,  so  that  they  are  frequently 
carried  by  the  wind  to  consider¬ 
able  altitudes.  These  feathery 
appendages  are  very  characteris¬ 
tic  of  the  seeds  of  milkweeds 
(Fig.  348)  and  of  the  achenes 
of  many  composites  (Fig.  370). 
Commercial  cotton  consists  of 
trichomes  which  grow  from  the 
epidermal  cells  of  the  seed  of  the 
cotton  plant.  These  trichomes 
form  a  flossy  mass  round  the  seed. 

Censer  mechanisms.  The  cap¬ 
sules  of  many  plants  open  in  such 
a  way  that  the  seeds  can  escape 
only  when  the  capsules  are  vio¬ 
lently  shaken,  as  by  a  strong  wind  (Figs.  346,  372,  373).  This  has 
a  tendency  to  scatter  the  seeds.  The 
seeds  may  in  addition  have  a  flat  shape 
(Fig.  372)  or  winged  outgrowths; 
and  as  they  are  likely  to  escape  when 
there  is  a  strong  wind,  they  may  be 
blown  for  considerable  distances. 

Dispersal  by  water.  Adaptations 
for  dispersal  by  water  are  not  so 
common  as  are  those  for  dispersal  by 
wind,  but  the  former  occur  in  many 
seashore  and  aquatic  plants.  Either 
the  whole  fruit  or  the  seed  may  be 
adapted  for  floating.  The  pericarp  of  a  fruit  may  be  cbmposed 
of  light  tissue  (Fig.  374)  or  the  fruit  may  be  inflated  (Fig.  375). 


Fig.  364.  Flattened  fruits  of  ash, 
adapted  to  wind  dispersal.  ( X  1^) 


Fig.  365.  Schizocarp  of  maple 
with  flattened  wings 

After  Faguet 
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Fig.  369.  Fruit  of  linden, 
adapted  to  wind  dispersal 
by  being  attached  to  a 
specialized  leaf  (bract). 

(X§) 


The  coconut  (Fig.  389)  is  an  excellent 
example  of  a  fruit  with  a  light  pericarp. 
Floating  seeds  may  likewise  contain 
either  a  mass  of  light  tissue  or  large 
air  spaces  (Fig.  376).  In  the  lotus  fruit 
(Fig.  377)  the  torus  is  a  greatly  enlarged 
mass  of  loose,  air-filled  tissue  which 
floats  readily,  while  the  individual  fruits 
are  also  adapted  for  floating.  Many 
seeds  that  are  not  especially  fitted  for 
floating  may  occasionally  float  for  short 
distances,  or  seeds  that  by  themselves 
would  not  float  may  be  carried  in  floating 
debris. 

Dispersal  by  animals.  Seeds  that -are 
adapted  for  dispersal  by  animals  are 
disseminated  in  two  general  ways :  in 
the  case  of  fleshy  fruits  a  portion  of 
the  fruit  is  eaten  by  the  animal  (Fig. 
378),  while  many  dry  fruits  adhere  to 
animals. 


Fleshy  fruits.  Fleshy  fruits  are  generally  adapted  to  being 
eaten  by  animals.  Such  fruits  are  usually  constructed  so  that  the 
fleshy  part  may  be  eaten 


the  seed  is  protected  by  the 
stony  endocarp.  Owing  to  this 
protection  a  seed  may  pass 
without  injury  through  the 
digestive  tract  of  an  animal. 
Birds  are  particularly  prom¬ 
inent  in  disseminating  the 


seeds  of  fleshy  fruits.  Some¬ 


times  they  eat  the  fleshy  por¬ 
tion  of  a  fruit  and  throw  the 
seeds  away.  Dry  fruits  are 


Fig.  370.  Fruits  (achenes)  of  ironweed 
(Feruonia),  suited  to  dispersal  by  wind 
on  account  of  their  hairy  appendages 


Fig.  371.  Dandelion  (Taraxacum) 

The  center  figure  shows  a  flower  bud,  a  flower  head,  a  flower  head,  after  fer¬ 
tilization,  a  ripe  head  with  seed,  and  dispersal  of  seeds  by  the  wind.  To  the 
left  is  a  single  flower :  o,  the  ovary ;  p,  pappus  consisting  of  a  circle  of  hairs 
which  are  really  the  calyx ;  c,  strap-shaped  corolla ;  s,  united  stamens  enclos¬ 
ing  the  style,  which  terminates  in  two  stigmas.  To  the  right  is  a  single  ma¬ 
ture  fruit.  Note  that  the  "parachute”  which  is  responsible  for  its  being  dis¬ 
persed  by  the  wind  is  derived  from  the  calyx 


Fig.  372.  Capsule  of  Aristolochia 
elegans 

It  hangs  in  such  a  position  that  the 
seeds  are  liberated  only  when  it  is 
shaken  by  the  wind.  The  flattened 
seeds  are  adapted  to  wind  dis¬ 
persal.  (X 


Fic.  373.  Capsule  of  poppy 

The  seeds  are  liberated  only  when  the 
capsule  is  shaken  rather  violently,  (x  2^) 


Fig.  377.  Fruit  of  Nelumhium 
nelumbo 

Below  are  the  remains  of  the 
stamens.  The  large  part  above 
is  the  enlarged  torus,  the  fruits 
being  in  depressions  in  the 
torus.  The  fruits  float,  and, 
besides,  the  enlarged  torus  is 
replete  with  air  cavities  and  is 
very  buoyant,  (x 


Fig.  378,  Double  follicle  of  Tabemaemon- 
tana  pandacaqui 

The  follicle  to  the  right  has  opened.  The 
seeds  are  suited  to  dispersal  by  animals  by 
having  brilliantly  colored  fleshy  coverings, 
(xi) 


Fig.  379.  Fruits  adapted  to  dissemination  by 
having  hooks  which  adhere  to  animals 

Left,  Triumfetia  bartramia  (X  2) ;  right, 
Triumfetta  annua  (x  1) 
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often  carried  off  for  food  by  seed-eating  animals  which  lose  them 
in  one  way  or  another  and  leave  them  to  grow. 

Adhesive  fruits.  Many 
dry  fruits  have  hooklike 
appendages  (Figs.  351, 353, 
379)  which  are  particularly 
fitted  for  grasping  the  hair 
of  animals.  Animals  to 
which  the  fruits  adhere 
carry  them  about  and  thus 
distribute  the  seeds.  In  a 
similar  way  fruits  may 
adhere  to  clothing  and 
thus  be  disseminated  by 
man.  Some  seeds  and 
fruits  have  a  sticky  covering  which  will  adhere  to  the  hair  of  an 
animal  (Fig.  380).  Fruits  of  forget-me-nots  adhere  by  sticky 
hooklike  appendages  (Fig.  381).  Feathery  appendages  are  usually 
capable  of  adhering  to  fur  as  well  as  of  flying  on  the  wind. 


rt  - 
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Fig.  380.  Seed  of  Hyptis  suaveolens,  adapted 
to  dissemination  by  animals  by  having  a 
mucilaginous  covering  which  swells  and  is 
very  sticky  when  wet 

Left,  dry  seed;  right,  wet  seed,  (x  4) 


Fic.  381.  Fruit  of  Chinese  forget-me-not,  ( X  4) 
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Minute  seeds.  Many  plants  have  minute  seeds  which  are  dis¬ 
seminated  by  being  caught  in  mud  that  adheres  to  the  feet  or 
other  parts  of  birds  or  other  animals. 
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Many  fruits  are  so  constructed  that  they 
explode  when  ripe  and  scatter  the  seeds. 
This  method  of  dispersal  is  frequently  con¬ 
spicuous  in  members  of  the  bean  family, 
where  the  explosive  forces  are  due  to 
stresses  arising  from  the  drying  of  the 
Fig.  382.  Fruit  of  Im-  valves  of  the  pod.  The  balsam  has  some- 
patiensbalsamina, -which  what  fleshy  capsules  which  are  very  turgid, 
explodes^e  When  these  are  disturbed  by  contact  the 

segments  of  the  pericarps  roll  up  with  con¬ 
siderable  force  and  in  such  a  way  that  they  scatter  the  seeds  (Fig. 
382).  An  unusual  explosive  mechanism  is  found  in  the  squirting 
cucumber  (Fig..  383). 


Fig.  383.  Seed  dispersal  in  the  squirting  cucumber  (Ecballium  elaterium) 

After  Baillon 
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Burying.  The  fruits  of  the  peanut  are  borne  in  a  very  unusual 
manner.  Instead  of  being  developed  above  ground  they  are  buried 
into  the  soil  (Fig.  384). 


Fic.  384.  Peanut,  showing  development  of  fruit 

The  flower  of  the  peanut  has  a  very  long  style  and  a  long  calyx  tube  at  the 
top  of  which  are  found  the  calyx  lobes,  the  petals,  and  the  attachment  of  the 
stamens.  After  fertilization,  the  flower  withers,  the  stalk  turns  downward, 
and  the  fruit  elongates  greatly  without  broadening  until  its  tip,  in  which  are 
the  ovules,^ has  bera  pushed  into  the  soil;  then  this  tip  expands  into  the  well- 
Known  nut.  The  nodules  on  the  roots  contain  nitrogen-fixing  bacteria 

GERMINATION  OF  SEED 

Definition.  The  development  of  the  seed  into  a  young  plant  is 
called  germination.  A  seed  is  said  to  have  germinated  when  the 
radicle  and  plumule  have  reached  out  of  the  seed  coat,  but  ger¬ 
mination  is  not  complete  until  the  seedling  has  become  established 
and  is  independent  of  the  food  supply  stored  in  the  seed. 
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Period  of  rest.  Seeds  usually  undergo  a  period  of  rest  before 
germinating.  The  length  of  this  period  varies  greatly  in  different 
species,  and  in  some  cases  it  is  altogether  lacking.  In  the  mangrove- 
swamp  species  of  the  family  Rhizophoraceae 
the  seeds  germinate  without  falling  from 
the  tree.  The  first  sign  of  the  germination 
of  such  seeds  is  the  projection  of  the  long, 
slender  radicle  from  the  fruit  (Fig.  385). 
After  the  radicle  has  grown  to  a  consider¬ 
able  length  the  seedling  drops,  radicle  down, 
the  tip  of  the  radicle 
is  usually  driven  into 
the  mud,  and  the 
growth  of  the  seed¬ 
ling  continues  (Fig. 

386).  While  thus 
the  growth  of  some 
embryos  apparently 
ceases  for  only  a 
very  short  period,  if 
at  all,  most  seeds  in 
their  ripening  lose  a 
considerable  part  of 
their  water  and  be¬ 
come  comparatively 
dry.  Under  such  con- 

Fic.  385.  Germinating  ^itions  life  processes 
seedling  of  Rhhophora  Continue  at  a  very 
projecting  from  a  fruit  slow  rate,  and  for 
that  ^s^stm  practical  purposes  the 

seed  is  in  a  condition 
of  rest.  Many  seeds  will  not  begin  to  ger- 

mmate  until  they  have  been  in  the  state  oi  from  the  tree  and 

rest  for  a  considerable  length  of  time,  while  taking  root.  ( x  'i) 
others  will  germinate  almost  immediately. 

A  period  during  which  seeds  will  not  germinate  is  frequently  of 
great  advantage,  particularly  when  the  seeds  are  formed  at  the 
end  of  the  growing  season.  In  many  regions  the  year  is  divided  into 


Fig.  387.  Successive  stages  in  the  germination  of  lima  bean  {Phaseolus  lunatus) 

The  cotyledons  are  carried  up  into  the  air  and  furnish  food  for  the  embryo,  but 
do  not  become  leaflike,  (x  |) 

at  the  beginning  of  a  long  cold  or  long  dry  season,  ,  the  seedlings 
would  start  under  very  disadvantageous  conditions  and  would 
stand  little  chance  of  surviving.  In  regions  where  conditions  are 
favorable  to  growth  throughout  the  year,  a  prolonged  period  of 
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rest  is  unnecessary.  The  seeds  of  many  plants  that  are  natives  of 
moist  tropical  regions  germinate  almost  immediately,  and  if  stored 
they  lose  their  capacity  for  germination  in  a  very  short  time. 

Many  seeds  have  hard  seed  coats  which  are  impervious  to 
water;  such  seeds  will  not  germinate  until  the  seed  coats  have 


Fig.  388.  Seed  and  germination  of  seedling  of  Indian  com 

Above,  section  of  ungerminated  seed  and  a  seed  in  which  the  plumule  and  rad¬ 
icle  are  pushing  out ;  e,  endosperm ;  s,  cotyledon,  or  scutellum ;  p,  plumule ; 
r,  radicle  (x  If).  Below,  germination  of  seed  (x  f) 

rotted  or  have  been  injured  in  some  other  ■way.  This  explains  why 
the  germination  of  many  seeds  is  hastened  by  making  holes  in  the 
seed  coats.  A  period  of  rest  is,  however,  not  confined  to  seeds 
with  imper'vious  coats,  as  the  necessity  for  a  period  of  rest  is  often 
characteristic  of  the  seeds  themselves.  Such  seeds  seem  to  need 
some  metabolic  change  to  make  them  ready  for  germination. 


The  Plant  Kingdom 


322 

Seeds  in  a  dormant  condition  can  withstand  much  greater  ex¬ 
tremes  of  heat  and  cold  than  can  seedlings  or  mature  plants. 

Conditions  for  germination.  Germination  is  really  a  process  of 
growth,  and  the  conditions  that  are  necessary  for  germination  are 
essentially  the  same  as  those  that  are  required  for  other  forms  of 
growth.  Growth  is  dependent  on  a  supply  of  food,  water,  and  oxy¬ 
gen,  and  a  suitable  temperature.  Seeds  normally  contain  sufficient 


Fig.  389.  Successive  stages  in  the  germination  of  coconut 

The  large  central  meat  is  endosperm.  In  the  drawing  at  the  left  the  embryo  is 
still  very  small ;  the  cotyledon,  which  is  modified  as  an  absorbing  organ,  is  in 
the  endosperm,  while  the  remainder  of  the  embryo  projects  up  into  the  husk. 
In  the  second  drawing  the  modified  cotyledon  has  enlarged,  while  the  shoot 
appears  through  the  husk.  In  the  third  drawing  the  cotyledon  fills  the  cavity 
in  the  kernel,  (x 

food  for  growth,  so  that  we  do  not  usually  think  of  food  as  a  con¬ 
dition  that  is  essential  for  germination. 

Active  protoplasm  consists  very  largely  of  water,  while  the 
protoplasm  of  dry  seeds  contains  comparatively  little  water.  A 
supply  of  water  is  therefore  very  essential  to  change  the  proto¬ 
plasm  from  the  relatively  inactive  conditions  in  the  dry  seed  to  the 
active  conditions  in  the  young  seedling.  The  amount  of  water 
absorbed  is  frequently  considerable,  and  it  is  absorbed  with  great 
force.  During  the  process  the  seeds  become  soft  and  saturated 
with  water.  This  absorption  of  water  causes  most  seeds  to  swell. 
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The  source  of  energy  in  germination  is  respiration,  or,  in  other 
words,  the  oxidation  of  food  material  stored  in  the  seed.  The 
amount  of  energy  necessary  is  considerable,  as  germination  re¬ 
quires  that  the  material  stored  in  the  seed  be  rapidly  transformed 
into  tissues.  Large  quantities  of  oxygen  are  therefore  necessary, 
and  seeds  will  not  germinate  unless  there  is  an  abundant  supply. 
For  this  reason  most  seeds  fail  to  germinate  in  poorly  aerated  soil, 


as  when  buried  at  a  great  depth  or  when  the  air  spaces  of  the  soil 
are  filled  with  water. 

Selection  of  seeds.  The  value  of  knowing  the  hereditary  char¬ 
acters  that  are  carried  in  a  seed  will  be  discussed  in  the  next  chap¬ 
ter.  In  selecting  the  seeds  for  planting  there  are  certain  other 
points  which  it  is  important  to  take  into  consideration.  Among 
these  are  the  size  and  vigor  of  the  plant  producing  the  seed,  and  the 
size  of  the  seed  itself.  Vigorous  plants  are  more  likely  to  produce 
vigorous  offspring  than  are  weak  ones ;  and  large  seeds  are  much 
more  likely  than  small  ones  to  give  rise  to  robust  plants.  A  large 
seed  indicates  vigor  arid  abundant  food  material  for  the  nourish¬ 
ment  of  the  young  plant.  Care  should  be  taken  that  seeds  are  fully 
matured.  Immature  seeds  often  do  not  germinate ;  if  they  do 
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germinate,  they  often  produce  weak  seedlings.  The  age  of  the 
seed  is  also  important.  Many  seeds,  as  we  have  seen,  necessarily 
undergo  a  period  of  rest,  and  so  can  be  stored  for  a  considerable 
length  of  time  without  injury ;  but  while  seeds  are  apparently  in¬ 
active,  life  processes  are  still  going  on,  even  though  at  a  slow  rate 
If  the  seeds  are  stored  for  too  long  a  time,  they  begin  to  lose  their 
vitality ;  and  this  process,  once  started,  continues  until  the  seeds 
reach  such  a  condition  that  they  will  no  longer  germinate. 


Fig.  391.  Successive  stages  in  the  germination  of  squash 

Note  the  peg  which  catches  into  the  seed  coat  and  holds  it  while  the  cotyledons 
are  pulled  out.  In  the  seed  the  cotyledons  store  food,  during  germination  they 
supply  food  to  the  embryo,  and  later  they  serve  as  green  leaves.  (X  |) 

Germination.  The  principal  processes  taking  place  during  ger¬ 
mination  are  the  transfer  of  materials  and  growth.  If  the  reserve 
food  is  stored  in  the  cotyledons,  it  is  transferred  to  the  growing 
plumule  and  radicle  (Fig.  387).  When  food  is  stored  in  the  en¬ 
dosperm  it  is  first  absorbed  by  the  cotyledons  and  then  conveyed 
to  the  regions  of  growth  (Fig.  388).  During  germination  the  cotyle¬ 
don  may  therefore  serve  for  the  storage  of  food,  or,  if  the  food  is 
stored  in  the  endosperm,  as  an  absorbing  and  transferring  organ. 

Frequently,  as  in  the  grains  of  the  grasses,  the  cotyledons  serve 
as  absorbing  organs  and  do  not  leave  the  seeds  (Fig.  388).  The  tip 
of  the  cotyledon  of  the  coconut  is  modified  into  an  absorbing  organ 
which  grows  so  large  as  to  fill  the  cavity  of  the  nut  (Fig.  389), 
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In  some  cases  in  which  the  seeds  contain  endosperm  (Fig.  390), 
and  in  others  in  which  they  do  not  (Fig.  391),  the  cotyledons  are 
carried  up  into  the  air  by  the  growth  of  the  hypocotyl  (the  part  of 
the  seedling  between  the  cotyledon  and  the  root)  and  function  as 


Fig.  392.  Stages  in  the  germination  of  peanut 

The  cotyledons  are  carried  up  into  the  air ;  the  food  is  transferred  from  them 
to  the  growing  parts  of  the  seedling,  while  the  cotyledons  shrivel ;  they  do 
not  become  green,  (x  i) 

green  leaves.  In  an  intermediate  type  the  cotyledons  are  carried 
up  into  the  air  by  the  growing  hypocotyl,'  but  shrivel  as  the  reserve 
food  is  exhausted  and  do  not  function  as  green  leaves  (Fig.  392). 
The  orientation  of  the  seedling  is  frequently  due  to  movements  of 
the  cotyledons,  which  bend  in  such  a  way  as  to  push  the  developing 
radicle  into  the  ground 
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HEREDITY 
THE  NUCLEUS 

Since  the  inheritance  of  characters  is  very  largely  due  to  the 
nucleus  and  the  behavior  of  its  constituent  parts  during  fertiliza¬ 
tion  and  in  the  stages  which  lead  to  reproduction,  some  knowl¬ 
edge  of  the  nucleus  is  essential  for  an  understanding  of  heredity. 

Resting  nucleus.  The  nucleus  when  not  in  a  state  of  division  is 
called  a  resting  nucleus.  This  designation  is  somewhat  unfortu¬ 
nate,  as  the  nucleus  of  an  ordinary  cell  must  be  carrying  on  many 
activities  even  though  no  morphological  changes  may  be  evident. 

The  nucleus  (Fig.  393,  d.)  is  usually  rounded,  and  is  surrounded 
by  a  membrane  known  as  the  nuclear  membrane.  Within  this  there 
is  a  clear  substance,  the  nuclear  sap  or  karyolymph,  which  is  not 
readily  stained.  Embedded  in  the  karyolymph  is  a  network,  or 
reticulum.  This  is  usually  said  to  be  composed  of  linin  on  which 
another  substance,  chromatin,  is  distributed.  Chromatin  is  very 
easily  stained,  so  that  it  is  conspicuous  in  stained  preparations. 
The  nucleus  also  usually  contains  one  or  more  rounded  bodies,  the 
nucleoli.  The  function  of  the  nucleoli  is  somewhat  obscure,  and  it 
is  probable  that  they  have  various  functions  in  different  cells.  In 
general,  however,  the  nucleolus  would  seem  to  be  a  mass  of  accu¬ 
mulated  material  which  is  usually,  though  not  always,  utilized  in 
the  metabolic  processes  of  the  nucleus. 

Mitosis.  The  division  of  the  cell  is  initiated  by  the  division  of 
the  nucleus.  In  the  ordinary  method  of  division  a  nucleus  passes 
through  many  stages,  and  the  wkole  complicated  process  is  known 
as  mitosis.  Its  chief  function  seems  to  be  to  divide  all  parts  of  the 
chromatin  equally  between  the  two  daughter  nuclei.  Mitosis  may 
be  considered  as  consisting  of  the  following  stages :  prophase, 
metaphcLse,  anaphase,  and  telophase. 
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Prophase.  In  the  resting  nucleus  the  chromatin  is  spread  out  as 
a  reticulum.  It  is  actually  composed  of  a  number  of  separate  units, 
the  chromosomes.  These  are,  however,  so  spread  out  and  so  joined 
by  anastomoses  with  each  other  that  their  individuality  is  obscured. 

The  initiation  of  the  division  of  the  nucleus  is  marked  by  the 
resolving  of  the  reticulum  into  distinct  chromosomes  (Fig.  393). 
The  material  of  the  chromosomes  condenses  and  becomes  more  or 
less  evenly  distributed  along  the  length  of  the  chromosomes.  This 
results  in  giving  them  a  dense  appearance.  At  this  stage  they  are 
long,  slender,  threadlike  structures.  They  undergo  shortening  and 
thickening  and  the  different  chromosomes  come  to  have  very 
characteristic  shapes.  In  their  final  form  they  are  most  frequently 
somewhat  long  and  slender.  Very  early  in  the  prophase  each 
chromosome  is  seen  to  be  split  into  two  parts,  the  chromatids. 
These  two  parts,  however,  remain  together  until  the  next  stage  of 
mitosis j  that  is,  until  metaphase. 

Chromosomes  are  carriers  of  hereditary  characteristics,  and 
there  is  very  decisive  evidence  to  show  that  the  factors  for  these 
characters  are  arranged  lineally  in  the  chromosomes  themselves. 
The  splitting  of  the  chromosome  lengthwise  into  two  parts  divides 
each  of  the  factors  very  exactly,  and  the  whole  process  of  mitosis 
seems  to  be  an  arrangement  to  insure  an  equal  distribution  of  the 
hereditary  factors  to  each  daughter  nucleus.  The  remaining  part 
of  the  mitotic  process  is  such  as  to  distribute  one  chromatid  from 
each  chromosome  to  each  of  the  daughter  nuclei.  It  is  owing  to 
this  even  distribution  that  the  daughter  nuclei  are  alike  in  heredi¬ 
tary  characteristics. 

Toward  the  end  of  the  prophase  great  changes  occur  in  the 
nucleus.  The  nuclear  membrane  disappears  and  the  whole  mass 
of  karyolymph  becomes  spindle-shaped.  When  nuclei  in  this  stage 
are  prepared  for  study  by  being  fixed,  sectioned,  and  stained,  the 
karyolymph  has  a  striated  or  fibrillar  appearance  with  the  fibrils 
converging  toward  the  poles  of  the  spindles. 

In  living  cells  the  fibrous  appearance  is  not  evident  and  the  spindle 
appears  homogeneous.  The  spindle  is  dense  enough  so  that  with  a  needle 
it  can  be  moved  through  the  cytoplasm.  There  is  doubt  as  to  the  mean¬ 
ing  of  the  fibrous  structure  brought  about  by  fixing  and  staining,  but  it 
seems  to  be  connected  with  the  invisible  structure  of  the  spindle. 
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As  the  nuclear  membrane  disappears  and  does  not  form  part  of 
the  daughter  nuclei,  it  cannot  be  regarded  as  a  permanent  cell 
organ.  During  the  early  stages  of  prophase  the  nucleolus  usually 
becomes  steadily  smaller  and  may  disappear  altogether,  indicating 
that  it  constitutes  a  store  of  reserve  material  which  is  drawn  on 
during  the  process  of  division.  If  the  nucleolus  persists  after  the 
disappearance  of  the  nuclear  membrane,  it  lies  free  in  the  cytoplasm 
and  finally  disappears.  Like  the  nuclear  membrane,  therefore,  it 
cannot  be  considered  as  a  permanent  part  of  the  nucleus. 

Metaphase.  As  the  spindle  forms,  the  chromosomes  quickly 
become  arranged  in  a  single  plane  at  the  equator  of  the  spindle,  to 
which  they  become  attached.  The  stage  during  which  they  are  in 
this  position  is  called  metaphase  (Fig.  393,  G).  By  the  end  of  meta¬ 
phase  the  chromatids  of  each  chromosome  have  separated  length¬ 
wise  to  form  two  daughter  chromosomes. 

Anaphase.  After  metaphase  one  of  each  pair  of  daughter 
chromosomes  travels  to  one  pole,  and  the  other  chromosome  of 
each  pair  to  the  opposite  pole  (Fig.  393,  H).  The  stage  during 
which  the  daughter  chromosomes  move  from  the  equatorial  region 
of  the  spindle  toward  the  poles  is  known  as  anaphase. 

Telophase:  When  the  chromosomes  reach  the  poles,  they  collect 
into  a  more  or  less  solid-appearing  mass.  This  marks  the  beginning 
of  telophase  (Fig.  393,  7,  J).  Soon  clear  droplets  of  karyolymph 
appear  within  the  mass  of  chromosomes  and  also  between  the 
outermost  chromosomes  and  the  cytoplasm  (Fig.  393,  K).  Where 
the  karyolymph  comes  in  contact  with  the  cytoplasm  a  nuclear 
membrane  is  produced.  The  formation  and  enlargement  of  the 
spaces  containing  karyolymph  continue  (Fig.  393,  L)  until  the 
chromosomes  again  become  scattered  in  the  form  of  a  network 
typical  of  the  resting  stage  (Fig.  393,  M).  As  the  mass  of  chromo¬ 
somes  becomes  more  and  more  spread  out  by  the  formation  of 
karyolymph  a  new  nucleolus  makes  its  appearance. 

Formation  of  cell  wall.  Until  very  recently  the  division  of  the 
protoplasm  was  described  as  being  initiated  by  the  formation  of 
small  thickenings  on  the  fibers  in  the  equatorial  region  when  the 
chromosomes  become  collected  at  the  poles.  The  spindle  fibers 
gradually  spread  out  until  the  sides  of  the  spindle  reach  the  sides 
of  the  ceU  wall,  and  the  thickenings  were  believed  to  grow  until 
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they  formed  a  plate  across  the  original  cell  dividing  it  into  two 
(Fig.  394).  According  to  more  recent  investigators,  what  actually 
happens  is  that  minute  droplets  of  liquid  appear  in  the  equatorial 
region  of  the  spindle  and  that  these  coalesce  to  form  the  so-called 
plate  (Fig.  394).  Protoplasmic  membranes  are  then  formed  by  the 
protoplasm  on  both  sides  of  the  liquid  layer,  and  the  cell  walls  are 
laid  down  between  the  protoplasmic  membranes. 

Individuality  of  the  chromosomes.  The  number  of  chromo¬ 
somes  in  a  nucleus  varies  greatly  with  different  species  but  is  con¬ 
stant  for  the  same  species.  The  chromosomes  are  believed  to  retain 


Fig.  394.  Successive  stages  in  the  formation  of  a  cross  wall  between  two 
daughter  cells  in  Tradescantia  root  tip.  (  X  1300) 


their  individuality  through  the  resting  stage  of  the  nucleus,  and  so 
from  one  cell  generation  to  the  next.  In  other  words,  the  same 
chromosomes  that  pass  to  a  pole  in  the  anaphase  of  one  division 
reappear  during  the  prophase  of  the  succeeding  division.  During 
the  organization  of  a  daughter  nucleus  from  a  group  of  chromo¬ 
somes  the  chromosomes  become  connected  by  anastomoses.  When 
the  chromosomes  reappear  in  the  succeeding  prophase  these  anasto¬ 
moses  break  down  and  the  chromosomes  are  separate.  Indeed, 
where  cell  divisions  follow  each  other  in  rapid  succession  the 
spreading  out  of  the  chromatin  during  the  resting  stage  may  not 
go  far  enough  to  obscure  the  identity  of  the  individual  chromo¬ 
somes. 

In  following  the  process  of  division  we  have  seen  that  the  nuclear 
membrane  and  the  nucleoli  disappear  during  division  and  are 
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formed  anew  during  the  organization  of  the  daughter  nuclei.  The 
chromosomes  persist  from  one  cell  generation  to  the  next.  For  this 
and  other  reasons,  to  be  mentioned  later,  they  are  generally  re¬ 
garded  as  the  most  important  constituents  of  the  nucleus  and  as 
the  site  of  the  mechanism  or  factors  which  determine  the  hereditary 
characteristics  of  an  organism. 

Chromosomes  and  fertilization.  During  the  process  of  fertiliza¬ 
tion  the  male  nucleus  and  the  egg  nucleus  come  together  and  the 
sides  that  meet  become  flattened  against  each  other.  The  parts 
of  the  two  nuclear  membranes  that  are  in  contact  disappear,  and 
thus  the  contents  of  the  two  nuclei  come  to  be  enclosed  by  a  single 
nuclear  membrane,  a  part  of  which  comes  from  the  male  nucleus 
and  a  part  from  the  egg  nucleus.  In  this  way  the  chromosomes 
which  were  in  the  male  nucleus  are  added  to  those  which  were  in 
the  egg  nucleus.  The  fertilized  egg  thus  contains  the  chromo¬ 
somes  of  both  the  egg  nucleus  and  the  male  nucleus,  or,  usually, 
double  the  number  of  chromosomes  that  were  in  either  of  the 
fusing  nuclei. 

When  the  fertilized  egg  nucleus  divides,  every  chromosome 
splits  into  two,  and  one  of  each  pair  of  the  resulting  chromosomes 
goes  to  each  daughter  nucleus.  In  this  way  each  daughter  nucleus 
contains  the  same  number  of  chromosomes  as  the  nucleus  of  the 
fertilized  egg.  The  chromosomes  divide  in  the  same  manner  in  the 
second  and  all  subsequent  nuclear  divisions  in  the  vegetative  parts 
of  the  organism,  and  so  the  same  number  of  chromosomes  are  dis¬ 
tributed  to  every  cell  in  these  parts. 

Reduction  of  the  number  of  chromosomes.  If  the  same  number 
of  chromosomes  as  are  found  in  the  vegetative  nuclei  went  into 
the  egg  and  sperm  nuclei,  the  fertilized  egg  of  each  generation 
would  contain  twice  as  many  chromosomes  as  the  nuclei  of  the 
preceding  generation.  This  result  is  prevented  by  the  presence 
of  two  successive  divisions  in  the  life  cycle  in  which  the  number  of 
chromosomes  is  reduced  to  half  that  found  in  the  ordinary  vegeta¬ 
tive  nuclei.  In  flowering  plants  this  reduction  takes  place  before 
the  formation  of  pollen  grains,  and  also  before  the  development  of 
the  embryo  sac. 

Each  anther  produces  a  number  of  cells  known  as  pollen  mother 
cells.  By  two  successive  divisions  each  pollen  mother  cell  gives 
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rise  to  four  pollen  grains.  The  reduction  in  the  number  of  chromo¬ 
somes  takes  place  in  the  first  two  divisions  of  the  pollen  mother  cell 
so  that  the  nuclei  of  the  pollen  grains,  and  consequently  the  male  ^ 
nuclei,  contain  half  the  number  of  chromosomes  found  in  ordinary 
vegetative  nuclei. 

The  formation  of  the  embryo  sac  is  preceded  by  the  develop- 
ment  of  a  single  rather  conspicuous  cell  called  a  spore  mother  cell. 
This  gives  rise,  by  two  successive  divisions,  to  four  cells  which  are 
known  as  spores.  The  reduction  in  the  number  of  chromosomes 
takes  place  during  the  divisions  of  the  spore  mother  cell  to  form 
spores.  Typically,  three  of  the  spores  degenerate  and  disappear,  ^ 
while  the  other  develops  and  produces  the  embryo  sac.  The  nuclei 
of  the  embryo  sac,  including  the  nucleus  of  the  egg,  thus  resemble 
the  male  nuclei  in  containing  half  the  number  of  chromosomes  i 
found  in  the  ordinary  vegetative  nuclei.  The  union  of  the  male 
nucleus  with  the  female  nucleus  gives  the  fertilized  egg  the  same  i 
number  of  chromosomes  as  were  in  the  fertilized  egg  of  the  pre-  i 
ceding  generation.  Thus  the  same  number  of  chromosomes  is  ^ 
preserved  from  generation  to  generation.  The  number  of  chromo-  ! 
somes  found  in  the  egg  or  sperm  nucleus  is  called  haploid,  while  ; 
the  number  which  is  present  in  the  fertilized  egg  and  in  the  vegeta-  ■ 
tive  parts  of  the  organism  is  diploid.  \ 

Homologous  chromosomes.  We  have  already  noted  that  the 
chromosomes  carry  hereditary  characteristics  and  that  in  a  chromo-  : 
some  the  factors  responsible  for  these  characteristics  are  arranged 
lineally.  The  different  chromosomes  of  a  plant  are  not  alike  but 
carry  different  hereditary  characteristics.  In  fact,  in  the  set  of 
chromosomes  received  from  one  parent,  each  chromosome,  except 
in  exceptional  cases  to  be  mentioned  later,  is  different  from  every  | 
other  chromosome  of  the  set  and  carries  different  hereditary  fac¬ 
tors.  The  sets  received  from  the  two  parents  are  similar,  however, 
and  each  chromosome  of  a  set  from  one  parent  is  more  or  less 
similar  to  and  homologous  with  a  corresponding  chromosome  re¬ 
ceived  from  the  other  parent. 

Meiosis.  The  divisions  during  which  the  number  of  chromo-  ^ 
somes  are  reduced  are  known  as  the  reducing  or  meiotic  divisions, 
and  the  process  of  reduction  as  wefosfs.  We  have  seen  that  in  the  ; 
prophase  of  an  ordinary  division  each  chromosome  splits  into  two  * 
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chromatids.  It  has  therefore  a  double  structure.  During  the 
prophase  of  the  first  meiotic  divisions,  each  chromosome  splits 
into  two  chromatids  as  in  an  ordinary  division.  The  feature  which 
characterizes  the  prophase  of  this  division  is  that  the  homologous 
chromosoines  approach  each  other  and  come  to  lie  side  by  side 
(Fig.  395).  The  union  between  these  two  chromosomes  comes  to 
be  very  intimate.  The  two  chromosomes  may  be  joined  together 
in  one  or  more  places.  The  stage  during  which  the  homologous 
chromosomes  come  into  this  intimate  union  is  known  as  synapsis. 
The  union  of  the  two  homologous 
chromosomes  is  so  intimate  that  the 
combination  is  known  as  a  bivalent 
chromosome,  the  term  "bivalent”  sig¬ 
nifying  that  the  chromosome  is  com¬ 
posed  of  two  homologous  chromosomes. 

As  each  of  the  two  chromosomes  w'hich 
compose  the  bivalent  chromosome  is 
split  into  two  chromatids,  the  bivalent 
chromosome  is  really  a  quadruple  struc¬ 
ture  and  is  called  a  tetrad  chromosome 
(Fig.  396).  After  the  formation  of  the 
tetrad  chromosomes,  the  nucleus  has 
only  half  the  number  of  chromosomes 
that  are  found  in  ordinary  vegetative  cells.  The  subsequent  events 
in  this  and  the  next  division  distribute- one  of  the  chromatids  of 
the  tetrad  to  each  of  four  cells. 

At  metaphase  each  of  the  tetrad  chromosomes  is  separated 
longitudinally  into  two  daughter  chromosomes  which  pass  to  oppo¬ 
site  poles.  Each  of  these  chromosomes  is,  however,  already  split 
into  two  chromatids.  At  metaphase  of  the  second  of  the  reduction 
divisions,  these  chromatids  are  separated  from  each  other.  We 
can  now  see  why  there  are  two  reducing  divisions.  This  is  con¬ 
nected  with  the  fact  that  the  chromosomes  which  are  formed  in 
the  prophase  of  the  first  meiotic -division  are  quadruple  and  that  it 
takes  two  divisions  to  divide  them  up  into  their  constituent  chro¬ 
matids.  At  the  end  of  the  second  reduction  division  not  only  has 
each  chromosome  been  reduced  to  a  single  chromatid  but  the  total 
number  of  chromosomes  is  also  haploid. 


Fic.  395.  Prophase  of  first 
meiotic  division  in  sugar 
cane  showing  chromosomes 
lying  side  by  side 

After  Santos 
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The  dividing  of  a  tetrad  chromosome  in  the  first  reduction  division  may 
be  in  such  a  plane  as  to  separate  two  homologous  chromosomes  from  each 
other,  or  each  of  the  homologous  chromosomes  may  be  split  in  two.  In 
this  case  each  of  the  two  daughter  chromosomes  which  move  to  the  poles 
at  anaphase  will  consist  of  a  chromatid  from  each  of  the  homologous 


Fig.  396.  Diagram  of  meiotic  divisions 

A,  a  nucleus  with  two  pairs  of  homologous  chromosomes;  each  chromosome 
is  split  into  two  chromatids  and  homologous  chromosomes  are  approaching 
each  other.  B,  the  members  of  each  pair  of  homologous  chromosomes  have 
united  to  form  a  tetrad  chromosome ;  as  there  were  two  pairs  of  chromosomes 
in  A,  there  are  two  tetrad  chromosomes  in  B.  C,  metaphase  of  first  meiotic 
division;  homologous  chromosomes  are  being  separated  from  each  other. 
D,  anaphase  of  first  meiotic  division ;  single  chromosomes,  each  split  into  two 
chromatids,  are  moving  toward  the  poles.  E,  two  nuclei  formed  as  the  result 
of  first  meiotic  divison ;  each  contains  two  chromosomes,  each  split  into  two 
chromatids.  F,  one  of  the  daughter  nuclei.  G,  metaphase  of  the  second  meiotic 
division;  two  chromatids  are  being  separated  from  each  other.  H,  single 
chromatids,  now  chromosomes,  are  moving  toward  the  poles.  I,  two  nuclei 
resulting  from  the  second  meiotic  division;  each  has  a  single  chromosome 
consisting  of  a  single  chromatid 

chromosomes  which  united  to  form  the  tetrad  chromosome.  At  meta¬ 
phase  some  of  the  chromosomes  may  behave  in  one  of  the  ways  described 
above  and  others  in  the  other  way.  In  any  case  the  result  is  the  same  at 
the  end  of  the  second  reduction  division. 

While  a  set  of  chromosomes  in  the  egg  nucleus  of  one  plant  is 
believed  to  carry  a  set  of  hereditarj^  factors  very  similar  to  the 
set  in  any  egg  or  male  nucleus  of  the  same  species,  these  sets  of 
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factors  are  not  necessarily  identical,  as  different  individuals  within 
the  same  species  frequently  show  different  hereditary  character¬ 
istics.  This  subject  will  be  considered  at  some  length  in  the  section 
on  heredity,  where  it  will  be  shown  that  the  behavior  of  the 
chromosomes  is  intimately  connected  with  the  laws  of  heredity. 

HEREDITY 

The  fact  that,  m  general,  offspring  tend  to  resemble  their  parents 
has  been  known  from  early  times.  The  modern  conception  of  the 
efinite  laws  of  heredity,  however,  is  of  comparatively  recent  date 
and  may  be  said  to  have  begun  with  Mendel.  In  1865,  after  eight 
years  of  investigation,  Mendel  read  the  results  of  his  work  before 
the  Natural  History  Society  of  Briinn,  and  the  following  year  he 
published  them  in  the  transactions  of  that  society.  Unfortunately 
his  results  were  neglected  until  independent  investigations  by  three 
botanists  led  to  their  rediscovery  in  1900.  It  was  then  found  that 
Mendel  had  discovered  fundamental  laws  of  heredity.  The  type  of 
inheritance  described  by  him  is  now  known  Mendelim,. 

Mendelism 

Color  inheritance  in  the  four-o’clock.  The  subject  of  inherit¬ 
ance  can  best  be  introduced  by  means  of  a  few  examples.  If  red- 
flowered  four-o’clock  plants  are  crossed  with  white-flowered  ones, 
the  offspring  will  have  pink  flowers.  If  one  of  these  plants  with 
pink  flowers  is  self-pollinated,  or  if  pink-flowered  plants  are 
cross-pollinated,  their  offspring  will  consist  of  red-flowered,  pink- 
flowered,  and  white-flowered  plants  in  the  proportion  of  one  red, 
two  pmk,  and  one  white.  If  now  the  red-flowered  plants  are  self- 
fertilized,  all  their  offspring  will  have  red  flowers,  and  successive 
generations  will  continue  to  have  red  flowers  for  as  many  genera¬ 
tions  as  they  are  self-fertilized.  In  the  same  way,  if  the  white- 
flowered  plants  are  self-fertilized,  thdr  offspring  will  have  white 
flowers.  When,  however,  pink-flowered  plants  are  self-fertilized, 
they  will,  like  their  pink-flowered  parents,  again  produce  red- 
flowered,  pink-flowered,  and  white-flowered  plants  in  the  ratio  of 
one  red,  two  pink,  and  one  white.  The  inheritance  of  the  flower 
color  in  this  plant,  and  its  explanation  in  terms  of  factors  and 


Fig,  397.  Diagrammatic  representation  of  inheritance  of  flower  color  in 
four-o’clock 

The  flowers  represent  individuals :  cross-hatching,  red ;  single  hatching,  pink ; 
unshaded,  white.  The  letter  R  represents  a  factor  for  red ;  W,  a  factor  for 
white.  Rings  signify  gametes;  straight  lines  represent  union  of  sperm  and 
egg;  curved  lines,  the  production  of  offspring 
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chromosomes,  is  shown  in  Fig.  397.  The  flowers  represent  plants ; 
R,  a  chromosome  carrying  a  factor  for  red ;  W,  a  chromosome  with 
a  factor  for  white.  Circles  represent  gametes  (sexual  cells). 

The  explanation  of  color  inheritance  in  the  four-o’clock  is  as 
follows :  Two  chromosomes  in  a  red-flowered  plant  have  a  factor 
for  red.  During  the  reduction  division  these  segregate  so  that 
the  gametes  possess  only  a  single  chromosome  with  a  factor  for 
red.  Likewise,  a  white-flowered  plant  has  two  factors  for  white, 
while  a  gamete  produced  by  a- white-flowered  plant  carries  only 
one  such  factor  (line  1,  Fig.  397). 

The  hybrid  (known  as  the  Fi,  or  first  filial,  generation)  is  there¬ 
fore  produced  by  the  union  of  a  gamete  with  a  chromosome  carry¬ 
ing  a  factor  for  red  and  a  gamete  having  a  chromosome  with  a 
factor  for  white.  The  result  is  that  the  hybrid  possesses  both 
a  factor  for  red  and  one  for  white,  and  is  pink-flowered  (line  2, 
Fig.  397).  When  this  individual  gives  rise  to  gametes,  these  will 
be  of  two  lands,  some  with  a  chromosome  bearing  a  factor  for  red 
and  others  with  a  chromosome  bearing  a  factor  for  white.  Just  as 
the  chromosome  carrying  the  factor  for  red  and  that  with  the  factor 
for  white  came  together  in  the  fertilized  egg,  so  they  again  separate 
before  the  formation  of  gametes.  The  union  of  the  gametes  pro¬ 
duced  by  the  Fi  hybrids  gives  rise  to  the  generation  called  F^,  which 
is  shown  in  Fig.  397.  If  a  male  nucleus  with  the  factor  for  red 
fertilizes  an  egg  with  the  factor  for  red,  the  result  will  be  a  plant 
which  has  two  factors  for  red  in  all  its  vegetative  cells  and  which 
will  produce  red  flowers.  Likewise,  if  a  male  nucleus  with  a  factor 
for  white  fertilizes  an  egg  with  a  factor  for  white,  the  fertilized  egg 
will  have  two  factors  for  white  and  the  plant  will  produce  white 
flowers.  When,  however,  a  rhale  nucleus  with  a  factor  for  white 
fertilizes  an  egg  which  has  a  factor  for  red,  or  vice  versa,  the 
fertilized  egg  has  a  single  factor  for  white  and  a  single  factor  for 
red,  and  the  resulting  plant  will  have  pink  flowers.  When  the  Fi 
hybrid  gives  rise  to  sexual  nuclei,  there  will  be,  on  the  average,  an 
equal  number  of  egg  nuclei  with  the  factor  for  red  and  egg  nuclei 
with  the  factor  for  white.  Likewise  there  will  be  an  equal  number 
of  pollen  grains  with  the  factor  for  red  and  pollen  grains  with  the 
factor  for  white.  The  two  kinds  of  male  nuclei  produced  wiM, 
according  to  chance,  fertilize  an  equal  number  of  eggs.  Moreover,, 
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each  kind  of  male  nucleus  will  tend  to  fertilize  an  equal  number  of 
eggs  with  the  factor  for  red  and  eggs  with  the  factor  for  white.  The 
male  nuclei  with  the  factor  for  red  will  then  fertilize  eggs  in  the 
ratio  of  one  with  the  factor  for  red  to  one  with  the  factor  for  white, 
so  that  there  will  be  one  plant  wdth  red  flowers  to  one  with  pink 
flowers.  In  a  similar  way,  the  male  nuclei  with  the  factor  for  white 
will  give  rise  to  one  plant  with  pink  flowers  to  one  plant  with  white 
flowers.  Thus  we  get  plants  in  the  ratio  of  one  plant  with  red 
flowers,  two  with  pink,  and  one  with  white  (Fig.  397). 

Purity  of  gametes.  Inheritance  of  color  in  the  four-p  clock  illus¬ 
trates  one  of  the  fundamental  principles  of  Mendelian  inherit¬ 
ance,  that  is,  purity  of  gametes.  The  fusion  of  two  gametes  with 
alternative  characters,  such  as  red  and  white,  results  in  a  hybrid 
the  body  cells  of  which  will  contain  the  factors  for  both  characters. 
When,  however,  this  plant  produces  gametes,  the  factors  for  these 
two  characters  will  separate,  and  one  of  them  will  be  found  in  one 
gamete  and  the  other  in  another  gamete.  One  gamete  will  thus 
contain  only  one  of  two  such  alternative  characters.  In  other 
words,  a  gamete  of  a  four-o’clock  can  contain  either  a  factor  for 
red  or  a  factor  for  white,  but  not  both.  In  this  way  the  alternative 
characters  are  segregated  when  gametes  are  formed,  so  that  no 
gamete  is  a  hybrid  so  far  as  a  single  pair  of  characters  is  concerned. 

Segregation  and  chromosomes.  The  explanation  of  the  segre¬ 
gation  of  factors  and  the  purity  of  gametes  is  found  in  the  chromo¬ 
somes.  In  the  chromosomes  are  located  the  factors  responsible  for 
Mendelian  inheritance.  Each  gamete  contains  a  complete  set  of 
chromosomes.  When  a  male  nucleus  fuses  with  the  egg  nucleus, 
the  fertilized  nucleus  has  two  sets  of  chromosomes.  Naturally 
there  are  two  sets  .of  hereditary  factors,  one  brought  in  from  the 
male  plant  by  the  male  nucleus  and  the  other  coming  from  the 
female  plant  through  the  egg  nucleus.  In  the  case  of  the  four- 
o’clock,  when  red-flowered  and  white-flowered  plants  are  crossed, 
a  chromosome  from  the  red-flowered  parent  carries  a  factor  for  red 
and  the  corresponding  or  homologous  chromosome  from  the  other 
parent  carries  a  factor  for  white.  At  each  mitosis  a  daughter 
chromosome  from  each  chromosome  of  the  fertilized  egg  is  dis¬ 
tributed  to  each  daughter  cell.  Each  cell  of  the  plant,  including 
those  of  the  flowers,  has  therefore  a  chromosome  with  a  factor  for 
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red  and  a  chromosome  with  a  factor  for  w'hite.  The  production  of 
sexual  cells  is  preceded  by  the  reduction  divisions.  During  these 
the  number  of  chromosomes  is,  as  we  have  seen,  reduced,  and  each 
of  the  four  cells  resulting  from  the  two  reduction  divisions  will  have 
only  one  of  two  homologous  chromosomes.  In  the  case  cited,  it 
will  have  either  a  chromosome  with  a  factor  for  red  or  a  chromo¬ 
some  with  a  factor  for  white  but  not  both.  For  this  reason  the 
gametes  are  pure  in  regard  to  a  single  factor. 

Definition  of  terms.  In  discussing  heredity  there  are  a  few 
technical  terms  which  are  very  convenient  and  which  are  used  in 
even  the  simplest  discussions  of  the  subject.  A  few  of  these  are 
here  defined. 

A  gamete  is  a  cell  that  fuses  in  sexual  reproduction.  A  zygote 
is  a  ceil  formed  as  the  result  of  sexual  fusion.  Two  alternative 
characters,  such  as  tallness  and  dwarfness,  are  known  as  allelo- 
morphs.  An  individual  is  said  to  be  homozygous  for  a  certain  char¬ 
acter  when  it  contains  two  factors  for  that  character  and  does 
not  contain  the  factor  for  the  other  member  of  the  pair  of  allelo¬ 
morphs.  An  individual  is  said  to  be  heterozygous  when  it  contains 
factors  for  both  members  of  a  pair  of  allelomorphs.  When  two 
plants  are  crossed,  the  parent  plants  are  known  as  the  Pi  genera¬ 
tion,  and  the  resulting  offspring  as  the  Pi  generation ;  when  this 
generation  is  self-fertilized  or  interbred,  the  offspring  compose 
the  P  2  generation ;  the  subsequent  generation  is  known  as  the 
P3  generation ;  etc. 

Dominance.  Mendel  crossed  tall  and  dwarf  varieties  of  garden 
peas  and  found  that  their  offspring  in  the  fiirst  generation  were  all 
tall.  These  may  be  called  tall  hybrids,  as  they  were  produced  by 
crossing  tall  and  dwarf  varieties.  When  these  tall  hybrids  were 
self-fertilized,  they  gave  rise  to  tall  and  dwarf  plants  in  the  ratio 
of  three  tall  ones  to  one  dwarf.  When  the  resulting  dwarf  plants 
were  self-pollinated,  they  always  produced  dwarf  offspring.  One 
third  of  the  tall  ones  contained  two  factors  for  tallness  and  none  for 
dwarfness,  and  when  self-fertilized  always  gave  rise  to  tall  off¬ 
spring  only,  while  the  other  two  thirds,  which  were  tall  hybrids, 
produced  dwarf  and  tall,  as  did  their  hybrid  parents,  in  the  ratio 
of  one  dwarf  to  three  tall.  These  tall  plants,  like  those  of  the  pre¬ 
ceding  generation,  consisted  of  one  third  which  had  no  factor  for 
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dwarfness  and  always  gave  rise  to  tall  plants  when  self-pollinated, 
and  two  thirds  which  were  tall  hybrids  and  again  repeated  the  ratio 
of  three  tall  to  one  dwarf.  This  relation  is  shown  in  Fig.  398.  The 
inheritance  of  the  factors  for  tallness  and  dwarfness  after  the  cross¬ 
ing  of  tali  and  dwarf  plants  is  shown  by  the  letters  under  the  words 
describing  the  heights  of  the  plants.  T  represents  tallness;  D, 
dwarfness ;  and  (D),  dwarfness  which  is  dominated  by  tallness. 


Fig.  398.  Diagram  showing  inheritance  of  tall  and  dwarf  characters  in  peas; 
also  inheritance  of  factors  for  tallness  T  and  dwarfness  D.  (D)  signifies  dwarf¬ 
ness  dominated  by  tallness 

In  the  case  just  discussed,  when  tall  plants  were  crossed  with 
dwarf  ones  their  offspring  were  all  tall.  If  plants  with  two  opposite 
characters  are  crossed  and  their  offspring  show  one  of  the  char¬ 
acters  and  no  influence  of  the  other,  then  the  character  which 
appears  in  the  offspring  is  said  to  dominate,  or  to  be  a  dominant 
character.  A  character  which  does  not  appear  is^said  to  recede,  or 
to  be  a  recessive  character.  In  this  case  tallness  is  a  dominant  char¬ 
acter  as  compared  with  dwarfness.  Dominance,  like  purity  of 
gametes,  is  an  important  Mendelian  principle.  In  the  case  of  the 
four-o’clock  plants  the  red  color  of  the  flowers  is  not  nearly  so 
dominant  as  is  tallness  in  peas.  The  red  color  of  the  four-o’clock 
is  said  to  be  incompletely  dominant. 
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In  different  cases  there  may  be  various  degrees  of  dominance. 
In  some  plants  flower  color  may  be  just  as  dominant  as  tallness  in 
peas,  while  in  other  plants  length  may  be  only  partially  dominant. 
Thus  the  fact  that  a  character  is  dominant  in  one  species  does  not 
necessarily  imply  that  it  is  dominant  in  other  species.  Such  facts 
can  be  determined  only  by  observation. 

On  examining  Fig.  398  we  find  that  the  factors  for  tallness  and 
dwarfness  are  inherited  in  exactly  the  same  w^ay  as  the  factors  for 
color  in  four-o’clock  plants.  When  a  pure  strain  of  tall  peas  is 
crossed  with  a  dwarf  one,  the  plants  of  the  first  hybrid  generation 
contain  a  factor  for  tallness  and  also  a  factor  for  dwarfness,  even 
though  the  factor  for  dwarfness  is  recessive.  These  plants,  if  self- 
pollinated,  will  produce  three  kinds  of  plants,  even  though  on  super¬ 
ficial  examination  there  would  appear  to  be  only  two.  The  three 
kinds  are  produced  in  a  ratio  of  one  which  has  two  factors  for  tall¬ 
ness  and  none  for  dwarfness,  and  so  can  produce  only  tall  offspring  • 
two  which  contain  both  the  factor  for  tallness  and  the  factor  for 
dwarfness,  and  so  can  produce  both  tall  and  dw^arf  offspring ;  and 
one  which  contains  two  factors  for  dwarf  ness  and  none  for  tallness 
and  so  can  produce  only  dwarf  offspring.  The  plants  which  contain 
both  the  factor  for  tallness  and  the  factor  for  dwarfness  will  be 
like  their  hybrid  parents  in  hereditary  height  factors,  and  so  will 
naturally  give  rise  to  the  same  kinds  of  plants  as  did  their  parents 
and  in  the  same  proportion.  ’ 

In  writing  the  abbreviations  of  characters  it  is  very  convenient 
as  well  as  customary  to  represent  the  dominant  character  by  a 
capital  letter,  as  T  for  tallness,  and  the  recessive  character  by  the 
same  letter  not  written  as  a  capital.  Thus,  when  taUness  is  domi¬ 
nant  over  dwarfness,  dwarfness  may  be  indicated  by  t 

Inheritance  of  two  pairs  of  characters.  When  we  observe  any 
orgamsm  we  see  that  it  is  a  morphological  and  physiological  unit. 
From  the  standpoint  of  inheritance  it  is,  however,  made  up  of  a 
number  of  hereditary  units  or  characters,  which  most  often  appear 
to  be  inherited  independently  of  each  other.  The  examples  of  in¬ 
heritance  which  we  have  considered  demonstrate  very  clearly  the 
segregation  of  characters  and  the  purity  of  gametes,  while  the  in¬ 
heritance  of  height  in  peas  is. a  good  example  of  dominance.  The 
independence  of  characters  can  be  emphasized  by  a  consideration 
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of  the  inheritance  of  two  pairs  of  characters  which  Mendel  studied 
in  garden  peas. 

In  peas  round  seed  is  dominant  over  wrinkled  seed,  and  yellow 
seed  over  green  seed.  When,  therefore,  we  cross  a  plant  having 

round  yellow  seed  with 


one  having  wrinkled  green 
seed,  the  F\  generation 
will  have  round  yellow 
seed.  If  these  hybrids  are 
self-fertilized,  they  will 
give  rise  to  the  following 
kinds  of  plants  in  the  fol¬ 
lowing  ratio :  nine  with 
round  yellow  seed,  three 
with  round  green  seed, 
three  with  wrinkled  yel¬ 
low  seed,  one  with  wrin¬ 
kled  green  seed.  This 
relationship  is  shown  in 
Fig.  399,  in  which  the 
small  squares  represent 
individuals,  while  circles 
represent  gametes.  R 
stands  for  a  factor  for 
round;  r,  for  wrinkled; 
Y,  for  yellow ;  and  y,  for 
green. 

From  the  diagram  it 
will  be  seen  that  the  Fi 
generation  contains  a  fac¬ 
tor  for  round,  one  for 
wrinkled,  one  for  yellow, 
and  one  for  green.  When  this  plant  forms  gametes,  both  the  male 
and  the  female  gametes  will  show  four  different  combinations  of 
factors :  namely,  round  and  yellow,  round  and  green,  wrinkled  and 
yellow,  and  wrinkled  and  green.  A  male  nucleus  with  the  factors 
for  round  and  yellow  can  fertilize  any  of  the  four  kinds  of  eggs, 
and,  according  to  chance,  will  fertilize  the  different  kinds  in  equal 


Fig.  399.  Diagram  showing  inheritance  of  seed 
characters  in  garden  peas 

Squares  represent  individuals;  circles  con¬ 
taining  letters  are  gametes ;  letters  represent 
factors  as  follows :  E,  round ;  r,  wrinkled ;  Y, 
yellow;  y,  green 
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numbers.  Likewise  the  three  other  kinds  of  male  nuclei  will  ferti¬ 
lize  all  four  kinds  of  eggs  in  equal  numbers.  The  different  combi¬ 
nations  produced  are  shown  in  squares  in  the  lower  part  of  the 
diagram.  Such  a  set  of  squares  may  be  very  simply  constructed 
by  writing  the  factors  for  one  of  the  kinds  of  eggs  in  each  square 
of  the  first  vertical  row  of  squares,  and  the  factors  for  each  of  the 
other  kinds  of  eggs  in  a  separate  vertical  row  of  squares.  The 
characters  for  male  nuclei  should  be  similarly  written  in  horizon¬ 
tal  rows.  If  we  examine  the  squares  in  the  low^er  part  of  the  dia¬ 
gram,  we  shall  see  that  there  are  nine  which  contain  both  R  and 
Y,  and  so  represent  plants  with  round  yellow  seed  j  three  which 
contain  R  but  not  Y,  and  so  represent  plants  with  round  green 
seed ;  three  which  contain  Y  but  not  R,  and  so  represent  plants 
with  wrinkled  yellow  seed ;  and  one  square  which  contains  neither 
R  nor  Y,  and  so  represents  a  plant  with  wrinkled  green  seed.  The 
last-mentioned  square  is  the  only  one  of  the  sixteen  which  rep¬ 
resents  a  plant  that  is  pure  for  both  recessive  characters.  Like¬ 
wise,  there  is  only  one  of  the  sixteen  squares  which  represents 
a  plant  that  is  pure  for  both  dominant  characters. 

A  line  drawn  diagonally  from  the  upper  left-hand  corner  to  the 
low^er  right-hand  corner  of  the  large  square  in  the  lower  part  of 
Fig.  399  passes  through  four  small  squares,  each  of  wLich  repre¬ 
sents  a  different  kind  of  individual  that  is  homozygous  for  one  of 
each  of  the  two  pairs  of  characters.  Similarly,  a  line  drawn  from 
the  lower  left-hand  corner  to  the  upper  right-hand  corner  of  the 
large  square  passes  through  four  small  squares,  each  of  which  is 
heterozygous  for  both  pairs  of  characters. 

The  F 2  generation  of  a  cross  between  peas  having  round  yel¬ 
low  seed  and  peas  having  wrinkled  green  seed  shows  very  clearly 
that  in  this  case  the  pairs  of  characters  are  independent  of  each 
other.  In  other  words,  round  and  yellow,  and  likewise  wrinkled 
and  green,  are  inherited  independently  of  each  other. 

Linkage.  The  number  of  different  chromosomes  in  an  organism 
is  usually  not  very  great ;  on  the  other  hand,  the  organism  has  a 
large  number  of  characters.  It  should  follow  from  this  that  one 
chromosome  would  carry  several  or  many  different  factors.  More¬ 
over,  factors  which  are  in  the  same  chromosome  should  be  linked 
together  in  inheritance.  This  reasoning  is  borne  out  by  the  fact 


344 


The  Plant  Kingdom 

that  many  characters  are  linked  together  in  inheritance.  In  the 
Chinese  primrose  the  factors  for  red  stigma,  red  flower  color,  long 
style,  dark  stem,  and  light  corolla  tube  are  linked  together.  In 
garden  peas  the  factor  for  round  seed  as  opposed  to  wrinlded  seed 
and  the  factor  for  tendriled  as  opposed  to  non-tendriled  leaves  go 
together.  We  may  conclude,  therefore,  that  factors  in  the  same 
chromosome  are  linlced  together,  while  those  in  different  chromo¬ 
somes  are  independent. 

Cross-over.  During  the  prophase  of  the  first  reduction  division,  two 
homologous  chromosomes  come  to  lie  very  close  together,  are  often  more 
or  less  twisted  around  each  other,  and,  in  places,  are  actually  joined  to¬ 
gether.  At  this  stage  each  chromosome  is  split  into  two  chromatids,  and 
so  chromatids  from  homologous  clsromosomes  may  be  in  very  intimate 
union.  It  sometimes  happens  that,  owing  to  this  intimate  connection, 
chromatids  of  homologous  chromosomes  exchange  parts  before  separating 
at  metaphase.  The  net  result  is  as  though  each  chromatid  had  been  broken 
across  and  when  the  break  was  repaired  the  union  was  not  between  parts 
of  the  same  chromatids  but  between  parts  of  different  but  homologous 
chromatids.  It  appears  that  in  such  cases  the  union  of  two  homologous 
chromatids  has  been  so  close  at  the  point  where  the  exchange  occurs  that 
separation  takes  place  not  between  the  original  chromatids  but  across 
them,  so  that  afterwards  each  chromatid  is  made  up  of  parts  of  two 
homologous  chromatids.  Such  exchanges  between  homologous  chroma¬ 
tids  are  known  as  cross-overs.  It  has  been  found  that  different  parts  of  a 
chromosome  carry  different  factors,  and  so  cross-overs  afford  a  means  for 
the  interchange  of  factors  which  are  linked  together. 

Trihybrids.  In  the  consideration  of  the  inheritance  of  two  pairs  of 
characters  we  have  seen  that  sixteen  combinations  are  involved  in  the  F2 
generation.  These  include  plants  of  four  different  appearances  and  nine 
different  germinal  compositions.  When  three  pairs  of  characters  are  con¬ 
sidered,  sixty-four  individuals  are  involved  in  the  F2  generation.  These 
include  plants  of  eight  different  appearances  and  twenty-seven  different 
germinal  compositions.  Only  one  of  the  sixty-four  contains  only  dominant 
factors,  and,  likewise,  only  one  contains  only  recessive  characters. 

The  inheritance  of  three  pairs  of  characters  may  be  illustrated  by  gar¬ 
den  peas.  In  these  plants  we  have  seen  that  tallness  is  dominant  over 
dwarfness,  yellow  seed  is  dominant  over  green  seed,  and  round  seed  is 
dominant  over  wrinkled  seed.  If  tall  individuals  with  yellow  round  seed 
are  crossed  with  dwarf  ones  with  green  wrinkled  seed,  the  offspring  in  the 
Pi  generation  will  contain  factors  for  tallness,  dwarfness,  yellow,  green, 
round,  and  wrinkled  j  but  all  the  individuals  will  be  tall  with  yellow  round 
seeds,  as  these  characters  are  dominant. 
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When  the  Fi  generation  forms  gametes,  these  are  of  eight  kinds,  and 
the  fusing  of  eight  lands  of  eggs  with  eight  kinds  of  male  nuclei  gives  rise 
to  sixty-four  combinations.  These  relationships  are  shown  in  Fig.  400,  in 
which  T  represents  tall ;  t,  dwarf ;  T ,  yellow ;  y,  green ;  R,  round ;  and  r, 
wrmkled. 
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Fig.  400.  Diagram  showing  inheritance  of  three  pairs  of  characters  in  garden 
peas:  tallness,  T,  dominant  over  dwarfness,  tj  yellow  seed,  Y,  dominant  over 
green  seed,  y;  round  seed,  R,  dominant  over  wrinkled  seed,  r 

Complementary  factors.  In  all  the  cases  that  we  have  so  far 
considered,  a  single  factor  is  responsible  for  the  production  of  a 
character;  but  in  some  cases  more  than  one  factor  is  necessary. 
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This  may  be  illustrated  by  the  case  of  two  strains  of  white-grained 
corn  which,  when  crossed,  will  give  all  red  grains  in  the  Fi  genera¬ 
tion.  In  the  F2  generation  there  will  be  nine  red  to  seven  white. 

This  ratio  suggests  at  once 
that  here  is  a  case  of  the 
inheritance  of  two  factors. 
In  such  a  case  nine  out 
of  sixteen  individuals  have 
both  dominants  of  two 
pairs  of  allelomorphs. 

Two  factors  were  nec¬ 
essary  to  produce  the  red 
color,  and  one  of  these 
was  present  in  one  of  the 
strains  and  the  other  in 
the  other  strain.  When 
these  two  strains  were 
crossed,  all  the  individuals 
in  the  Fi  generation  con¬ 
tained  both  factors  and 
so  were  red.  In  the  F2 
generation  nine  of  the  six¬ 
teen  individuals  contained 
both  factors  that  were 
necessary  for  color  and  so 
were  red,  six  contained 
one  or  the  other  of  the 
two  factors  and  were 
white,  while  one  did  not 
contain  either  of  the  two 
factors  and  so  was  white. 
Two  factors  both  of  which 
are  necessary  for  the,  pro¬ 
duction  of  a  single  character  are  known  as  complementary  factors. 

The  inheritance  of  the  factors  in  the  above  case  is  shown  in 
Fig.  401,  in  which  one  of  the  necessary  factors  is  represented  as 
G  and  its  absence  as  c,  while  the  other  is  represented  as  E  and  its 
absence  as  e. 
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Fic.  401.  Diagram  of  inheritance  of  comple¬ 
mentary  factors  producing  a  red  color  in  corn 

The  complementary  factors  are  dominant 
and  are  represented  by  C  and  E,  while  their ' 
absence  is  shown  by  c  and  e  respectively. 
Each  parent  has  only  one  of  the  complemen¬ 
tary  factors  and  is  white,  while  the  Fi  hy¬ 
brid  has  both  factors  and  is  red.  The  red 
color  in  the  grain  is  indicated  by  stippling 
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Many  pigments  in  plants  are  produced  by  the  action  of  enzymes 
on  a  colorless  substance  known  as  chromogen.  What  may  be  the 
explanation  of  the  above  case  of  inheritance  in  corn  is  that  one  of 
the  strains  of  white-grained  corn  contained  a  factor  for  chromogen 
and  the  other  a  factor  for  an  enzyme  capable  of  acting  on  the 
chromogen  and  producing  red.  When  these  two  strains  were 
crossed,  the  resulting  plants  contained  both  chromogen  and  en¬ 
zyme,  and  so  the  grains  were  red. 

A  consideration  of  complementary  factors  shows  that  more  than 
one  factor  may  be  necessary  to  produce  a  given  character,  and  it  is 
probable  that  any  character  is  the  result  of  several  or  many  factors. 
When  the  inheritance  of  a  pair  of  contrasting  characters  appears 
to  be  due  to  a  single  pair  of  factors,  this  does  not  mean  that  only 
one  factor  is  necessary  for  the  production  of  a  character,  but  simply 
that  a  difference  between  two  factors  of  a  pair  results  in  the  appear¬ 
ance  of  a  pair  of  contrasting  characters.  In  the  case  of  the  in¬ 
heritance  of  red  color  in  corn,  illustrated  in  Fig.  401,  the  color  is 
due  to  at  least  two  factors.  However,  if  we  were  to  cross  the  in¬ 
dividuals  represented  by  squares  1  and  6  in  the  lower  part  of  the 
diagram,  red  would  appear  to  be  a  simple  Mendelian  dominant, 
conditioned  by  a  single  factor,  as  the  two  individuals  differ  from 
each  other  only  in  the  factors  E  and  e.  Not  only  is  one  character 
the  result  of  the  interaction  of  many  factors,  but  one  factor  may 
•influence  more  than  one  character. 

Cumulative  factors.  Some  plants  contain  more  than  one  pair 
of  factors  which  produce  similar  results.  Such  factors  are  known 
as  cumulative  factors.  These  may  be  illustrated  by  certain  strains 
of  wheat.  In  breeding  experiments  a  strain  of  wheat  with,  white 
kernels  was  crossed  with  one  with  red  kernels,  and  the  individuals 
of  the  Fi  generation  were  intermediate  in  color.  In  the  F 2  genera¬ 
tion  there  were  fifteen  red  to  one  white.  Moreover,  the  red  in¬ 
dividuals  were  represented  by  four  shades  of  red.  The  explanation 
of  the  results  is  that  the  red  strain  contained  two  pairs  of  factors 
for  the  production  of  red,  that  the  different  factors  were  cumula¬ 
tive  in  their  action,  and  that  all  four  factors  were  necessary  for  the 
production  of  the  depth  of  color  shown  by  the  parent  red  strain. 
If  A  stands  for  a  factor  of  one  pair  and  B  for  a  factor  of  the  other 
pair,  then  the  red  strain  may  be  represented  by  A.ABE  and -the 
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white  strain  by  aabb.  When  these  two  strains  were  crossed,  the 
Fi  generation  contained  the  factors  AaBb.  The  individuals  of  this 
generation  thus  contained  only  half  as  many  factors  for  red  as 

the  parent  red  strain,  and 


their  color  was  interme- 
Ij  diate  between  that  of  the 
red  and  the  white  strain. 
When  this  Fi  genera¬ 
tion  formed  gametes,  they 
were  of  four  kinds,  AB, 
Ab,  aB,  and  ab.  There¬ 
fore  the  F2  generation 
should  show  the  sixteen 
combinations  character¬ 
istic  of  dihybrids.  Fig. 
402  shows  the  results. 
An  examination  of  the 
squares  in  the  lower  part 
of  the  diagram  shows  that 
only  one  out  of  sixteen 
does  not  contain  either 
A  or  B.  This  individual 
has  only  recessive  char¬ 
acters  and  is  white,  while 
the  other  jSfteen  are  red. 
Only  one,  however,  con¬ 
tains  four  factors  for  red, 
and  this  is  the  only  one 
with  as  deep  a  color  as 
the  original  red  strain. 
Six  individuals  contain 
two  factors  for  red,  or 


Fig.  402.  Diagram  representing  inheritance 
of  two  pairs  of  cumulative  factors,  AA  and 
BB,  which  produce  a  red  color  in  wheat 

The  absence  of  A  and  B  is  represented  by  a 
and  b  respectively.  Squares  represent  in¬ 
dividuals;  circles,  gametes.  The  number  of 
factors  for  red,  and  consequently  the  degree  of 
redness,  is  shown  by  the  number  of  the  letters 
R  in  the  wheat  grains 


exactly  half  the  number 
in  the  original  red  strain.  The  number  of  factors  for  red  (and  so  the 
depth  of  color)  is  indicated  by  the  number  of  the  letters  R  shown 
in  the  grains  m  the  squares. 

i^other  set  of  experiments  with  wheat  is  even  more  interest¬ 
ing  in  connection  with  cumulative  factors.  A  different  red  strain 
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was  crossed  with  a  white  strain,  and  the  individuals  of  the  Fi  gen¬ 
eration  were  again  intermediate  in  color.  In  the  F2  generation 
there  were  sixty-three  reds  of  various  shades  to  one  white.  In  this 
case  the  red  strain  appeared  to  contain  three  pairs  of  factors  for 
red,  all  of  which  seemed  to  produce  about  the  same  degree  of  color 
and  all  of  which  were  necessary  to  produce  the  depth  of  color  shown 
by  this  strain.  The  proportion  of  sixty-three  red  to  one  white  is 
evidently  a  trihybrid  ratio.  In  trihybrid  ratios  there  is  only  one 
out  of  sixty-four  in  the  F2  generation  which  is 
purely  recessive ;  so,  if  the  red  strain  contained 
three  pairs  of  factors  for  red,  the  F  2  generation 
of  a  cross  between  this  red  and  a  white  should 
produce  only  one  out  of  sixty-four  individuals 
without  a  factor  for  red.  Likewise,  there  would 
be  only  one  out  of  sixty-four  which  would  have 
six  factors  for  red  and  which  would  be  as  dark 
as  the  red  strain.  In  all  there  were  six  degrees 
of  redness. 

In  some  cases  crosses  are  made  in  which 
offspring  intermediate  in  characters  appear  to 
breed  more  or  less  true  to  the  type  of  the  Fi 
generation.  It  is  interesting  to  consider  these 
cases  in  connection  with  cumulative  factors. 

If  there  were  six  pairs  of  cumulative  factors, 
then  in  the  F2  generation  each  of  the  original 
types  would  be  represented  by  only  one  indi¬ 
vidual  out  of  4096.  The  Fi  generation  would  be  intermediate  in 
characters  between  the  two  parent  forms,  and  in  subsequent 
generations  it  would  be  very  rare  to  find  an  individual  like  either 
of  the  parent  types;  unless  very  large  numbers  of  individuals 
were  reared,  such  types  might  altogether  fail  to  appear.  The 
hybrid  would  then  seem  to  breed  more  or  less  true  to  the  hybrid 
type. 

Inheritance  of  sex.  In  many  animals  and  quite  a  number  of 
dioecious  plants,  the  inheritance  of  sex  has  been  found  to  be  con¬ 
nected  with  chromosomes  (Fig.  403).  In  Elodea,  for  example,  the 
inheritance  of  sex  is  connected  with  a  pair  of  chromosomes  called 
sex  chromosomes.  In  female  plants  there  are  two  large  sex  chromo- 


Fig.403.  Meioticdi. 
vision  in  Lychnis 
alba 

The  pair  of  chro¬ 
mosomes  on  the  left 
are  the  sex  chro¬ 
mosomes.  The  one 
which  is  above  and 
larger  is  the  female, 
while  the  one  which 
is  somewhat  smaller 
and  below  is  the 
male.  After  Black- 
bum 
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somes  which  are  spoken  of  as  X  chromosomes.  In  male  plants  the 
pair  of  sex  chromosomes  consists  of  a  large  X  chromosome  and  a 
small  chromosome  known  as  a  Y  chromosome.  The  female  is 
homozygous  and  has  two  X  chromosomes,  while  the  male  is  hetero¬ 
zygous  and  has  an  X  and  a  Y  chromosome.  As  both  of  the  sex 
chromosomes  in  the  female  are  X  chromosomes,  all  eggs  are  alike 
and  contain  an  X  chromosome.  The  male  nuclei,  on  the  other 
hand,  are  of  two  kinds,  one  with  an  X  chromosome  and  one  with 
a  Y  chromosome.  When  an  egg  is  fertilized  by  a  male  nucleus  with 
an  ,X  chromosome,  a  female  plant  results.  When  the  egg  unites 
with  a  male  nucleus  having  a  Y  chromosome,  a  male  plant  is  pro¬ 
duced.  Under  natural  conditions  there  should  be  the  same  number 
of  pollen  grains  with  X  chromosomes  and  pollen  grains  with  Y 
chromosomes.  Random  pollination  should  result,  as  is  the  case,  in 
an  approximately  equal  number  of  female  and  male  plants. 

Application  of  Mendelism.  The  laws  of  inheritance  known  as 
Mendelism  were  first  discovered  in  plants.  Afterward  they  were 
found  equally  applicable  to  animals,  as  well  as  to  human  beings. 
The  value  of  definite  laws  which  can  be  applied  to  animal  and 
plant  breeding  can  hardly  be  overestimated,  and  human  society 
seems  certain  to  be  profoundly  influenced  by  the  application  to 
itself  of  these  same  laws. 

Much  greater  progress  has  been  made  in  the  study  of  Mendelism  in 
plants  and  animals  than  in  man,  as  it  is  of  course  not  possible  to  conduct 
experiments  with  human  beings  in  the  same  way  as  with  plants  and  ani¬ 
mals.  Moreover,  we  know  that  most  human  beings  are  very  complex 
hybrids,  and  this  in  itself  makes  it  difficult  to  study  inheritance  in  man. 
Also,  man  is  a  slow-breeding  animal,  so  that  it  has  been  impossible  for 
modern  students  of  heredity  to  observe  many  generations,  while  it  is 
difficult  to  get  accurate  descriptions  of  characteristics  of  generations  that 
have  died. 

Many  human  characters  which  seem  to  behave  in  Mendelian  fashion 
have  been  catalogued.  Among  these  are  curly  hair  dominant  over  straight 
hair,  dark  hair  over  light  hair,  brown  eyes  over  blue  eyes,  normal  pigmen¬ 
tation  over  albinism,  and  normal  condition  over  hereditary  insanity  or 
feeble-mindedness.  In  crosses  between  the  negro  and  the  white,  color  of 
skin  does  not  act  as  a  simple  character  dependent  on  one  factor.  In  the 
Fz  and  subsequent  generations,  however,  there  may  be  individuals  much 
lighter  or  much  darker  in  color  than  the  mulatto  parents.  Indeed,  the 
color  may  be  as  dark  as  that  of  a  negro  or  light  enough  to  pass  for  white. 
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These  results  indicate  that  the  color  is  conditioned  by  multiple  factors 
which  act  in  Mendelian  fashion.  In  a  previous  connection  we  have  seen 
that  if  three  cumulative  factors  are  concerned,  then  in  the  ¥%  generation 
each  of  the  original  races  would  be  represented  by  only  one  individual  out 
of  sixty-four,  while  sixty-two  would  be  intermediate ;  if  six  factors  were 
concerned,  only  one  out  of  4096  individuals  of  the  F2  generation  would 
have  the  germinal  composition  of  each  original  race. 

PLANT  BREEDING 

Selection.  The  method  of  obtaining  improved  varieties  has 
been  that  of  selecting  plants  with  desired  characters  -for  propa¬ 
gation,  and  discarding  undesirable  ones.  Of  course,  the  act  of 
selecting  individuals  with  desirable  characters  cannot  produce 
anything  new,  as  selection  presupposes  variations  which  can  be 
selected.  In  order  to  learn  how  new  varieties  are  produced  it  is 
necessary,  therefore,  to  consider  the  origin  of  variation.  Variation 
is  a  universal  phenomenon  among  both  plants  and  animals  —  so 
universal,  in  fact,  that  it  has  given  rise  to  the  common  expression 
that  no  two  plants  or  animals  are  alike. 

Acquired  characters.  Favorable  methods  of  cultivation  fre¬ 
quently  result  in  the  production  of  larger  and  more  vigorous  in¬ 
dividuals.  If  a  plant  attains  to  an  exceptionally  large  size  by  grow¬ 
ing  under  unusually  favorable  conditions,  this  size  is  said  to  be  an 
acquired  character,  as  it  is  one  acquired  during  the  life  of  the  in¬ 
dividual  and  not  one  that  the  individual  inherited.  Such  acquired 
characters  do  not  appear  to  be  inherited.  The  seeds  of  vigorous 
plants  are  likely  to  be  larger  than  those  of  weak  plants ;  large  seeds 
contain  more  stored  food  than  smaller  ones,  and  so  give  the  seed¬ 
lings  a  better  start.  In  this  way  the  offspring  of  a  vigorous  plant 
may  be  somewhat  larger  than  the  offspring  of  a  less  vigorous  one. 
This  character,  however,  is  not  hereditary,  as  the  larger  size  will  be 
maintained  only  so  long  as  each  generation  is  grown  under  the 
favorable  conditions  that  gave  rise  to  this  exceptional  vigor. 

Continuous  variations.  The  variations  between  plants  are  of 
different  kinds.  Some  are  minor  variations,  known  as  continuous 
variations,  which  are  not  inherited.  When  many  plants  of  one 
homozygous  variety  are  examined,  it  is  found  that  they  differ  from 
one  another  by  slight  variations  which  are  quantitative  in  char- 
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acter  and  do  not  depart  from  the  average  beyond  a  certain  limit. 
Thus,  some  plants  will  be  shorter  and  others  taller,  some  will  have 
deeper-colored  and  others  lighter-colored  flowers,  etc.  While  the 
plants  of  one  generation  may  vary  thus  among  themselves,  the 
average  for  large  numbers  will  be  constant  for  different  genera¬ 
tions.  Continuous  variations  are  largely  or  entirely  due  to  en¬ 
vironmental  conditions.  They  are  said  to  be  continuous  because 
between  any  two  variations  there  is  a  gradual  series  of  variations 
which  differ  from  one  another  by  imperceptible  gradations.  Con¬ 
tinuous  variations  are  also  called  fluctuating  variations,  because  in 
successive  generations  the  character  fluctuates  around  the  same 
average. 

The  selection  of  fluctuating  variations  cannot  produce  varie¬ 
ties  with  different  hereditary  characteristics,  because  when  an 
extreme  type  is  selected  the  progeny  always  tend  to  return  to  the 
average.  The  most  that  can  be  accomplished  by  selecting  such 
variations  is  to  produce  a  quantitative  change  while  the  selection 
is  continued.  If  during  several  succeeding  generations  the  seeds 
of  the  tallest  plants  of  a  variety  are  selected  for  propagation,  we 
may  get  taller  plants  than  the  average,  hut  this  extra  height  will 
disappear  as  soon  as  selection  is  discontinued. 

Hybrids.  Hybrids  are  the  offspring  produced  by  the  union  of 
the  sexual  cells  of  different  genera,  species,  or  varieties.  The  off¬ 
spring  resulting  from  the  crossing  of  white-flowered  and  red- 
flowered  plants  of  the  same  species  are  examples  of  hybrids,  as 
are  also  the  offspring  obtained  by  crossing  different  genera,  as  the 
radish  and  the  cabbage.  In  general,  crosses  are  most  easily  made 
between  closely  related  races.  When  the  races  are  not  closely  re¬ 
lated  the  hybrids  usually  show  a  lessened  fertility  or  absolute 
sterility,  while  hybrids  formed  by  crossing  distantly  related  species 
are  frequently  lacking  in  vigor. 

Variations  due  to  hybridization.  When  two  varieties  of  plants 
which  differ  from  each  other  in  a  number  of  characters  are  crossed, 
their  offspring  will  usually  show  some  of  ‘the  characters  of  each 
parent,  while  those  characters  which  are  recessive  and  do  not  ap¬ 
pear  in  the  Fi  generation  will  do  so  in  subsequent  generations. 
Hybridizing,  therefore,  tends  to  produce  variations.  A  knowledge 
of  the  Mendelian  laws  of  inheritance  enables  us  to  combine  hy- 
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bridizing  and  selecting  much  more  intelligently  than  we  could 
otherwise  do.  We  have  seen  that  a  cross  betw^een  tali  peas  with 
round  yellow  seeds  and  dw^arf  peas  with  wrinkled  green  seeds  gives, 
in  the  Fi  generation,  tall  plants  wdth  round  yellow  seeds,  as  the 
characters  tall,  round,  and  yellow  are  dominant  over  the  alterna¬ 
tive  characters.  If  it  were  desirable  to  have  dwarf  plants  with 
round  yellow  seeds,  these  could  be  obtained  in  the  F2  generation. 
In  this  generation  one  out  of  sixty-four  individuals  would  be  homo¬ 
zygous  for  dwarf,  round,  and  yellow.  The  progeny  of  these  in¬ 
dividuals  would  therefore  breed  true.  The  F2  generation  would 
also  contain  dwarf  individuals  wdth  round  yellow  seeds  which 
would  not  breed  true.  Such  plants  would  be  heterozygous  for 
round  or  yellow  or  for  both  of  these  characters.  In  order  to  dis¬ 
tinguish  between  the  plants  w^hich  are  homozygous  for  the  desired 
characters  and  those  which  are  heterozygous  it  is  only  necessary 
to  obtain  a  sufficient  number  of  plants  of  the  next  generation  and 
see  which  plants  breed  true.  This  example  enables  us  to  see  how 
we  can  combine  the  desirable  characters  of  one  variety  with  those 
of  another  and  get  a  variety  that  is  superior  to  both  of  the  parent 
varieties. 

Mendelism  also  shows  that  certain  characters  are  the  result 
of  a  heterozygous  condition,  and  that  we  cannot  obtain  a  variety 
that  will  breed  true  for  such  characters.  Pink  four-o’ clocks  afford 
a  good  example.  As  pink  flowers  are  produced  only  by  heterozy¬ 
gous  individuals,  pink-flowered  plants  will  never  breed  true  but 
wall  produce  red-flowered,  pink-flowered,  and  white-flowered 
plants  in  the  ratio  of  one,  two,  and  one. 

Mutations.  It  has  been  pointed  out  that  the  selection  of  con¬ 
tinuous  variations  does  not  result  in  hereditary  changes,  while 
hybridization  may  produce  new  varieties.  There  are,  however, 
variations  which  are  not  the  result  of  hybridization  and  which 
are  hereditary.  These  may  occur  even  in  pure  lines,  that  is,  in 
strains  descended  from  a  single  self-fertilized  homozygous  indi¬ 
vidual.  Such  hereditary  variations  are  much  less  numerous  than 
are  fluctuating  variations,  and  are  known  as  mutations.  Char¬ 
acters  which  appear  as  the  result  of  mutations  are  inherited  in 
Mendelian  fashion  and  may  be  either  dominant  or  recessive.  In 
popular  language,  mutations  are  frequently  spoken  of  as  sports. 
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The  improvement  of  cultivated  plants  has  frequently  been  due 
to  the  selection  of  mutations.  Red  sunflowers  and  giant  varie¬ 
ties  of  tobacco  are  examples  of  mutations. 

A  character  which  results  from  a  mutation  may  be  considered 
as  due  to  the  modification  of  something  already  present  rather 
than  as  the  result  of  the  addition  of  an  entirely  new  factor.  A 
mutant  may  vary  greatly  or  only  slightly  from  the  parent. 

The  red  sunflower  affords  a  good  example  of  a  mutant.  In  the 
sunflower  the  so-called  flower  is  in  reality  a  head  composed  of 
many  flowers  packed  close  together.  The  central,  or  disk,  flowers 
are  small,  while  the  outer,  or  ray,  flowers  are  large  and  have  a 
brilliant  orange  color.  It  is  these  ray  flowers  that  are  largely  re¬ 
sponsible  for  the  attractive  appearance  of  the  head.  In  the  year 
1910  a  sunflower  with  chestnut-red  rays  was  found  by  a  road¬ 
side  in  Boulder,  Colorado.  The  plant  was  very  striking,  and  its 
presence  could  only  be  explained  as  due  to  mutation.  In  order 
to  reproduce  the  plant  it  was  necessary  to  cross  it  with  a  plant 
having  ordinary  orange-colored  rays,  as  sunflower  plants  are  not 
fertile  unless  cross-pollinated.  In  the  Fi  generation  of  this  cross 
about  half  the  plants  were  red  and  the  other  half  orange.  Sub¬ 
sequently  the  red  color  proved  to  be  a  Mendelian  dominant. 
Therefore  the  explanation  of  the  fact  that  in  the  F  i  generation 
of  the  original  cross  half  the  offspring  showed  the  red  color  and 
half  the  orange  color  would  seem  to  be  that  the  original  red  mutant 
was  heterozygous  and  contained  only  one  factor  for  red. 

An  examination  of  the  red  color  of  the  red  sunflowers  showed 
that  the  chestnut-red  color  was  due  to  the  fact  that  both  a  red 
pigment  and  the  original  orange  pigment  were  present  in  the  rays. 
By  subsequent  breeding,  plants  were  obtained  that  had  rays  with 
the  red  and  without  the  orange  color.  These  flowers  were  wine  red 
or  old  rose.  The  breeding  was  carried  out  in  the  following  manner : 

Since  the  year  1889  there  has  been  in  cultivation  a  variety  of  sunflower 
called  primrose,  which  arose  as  a  mutant  from  the  ordinary  orange  variety, 
and  which  is  pale  yellow.  This  variety  was  crossed  with  the  chestnut  red. 
In  the  F\  generation  the  offspring  were  all  chestnut  red,  as  the  orange 
color  dominates  the  pale  yellow  and  the  red  dominates  the  absence  of  red. 
In  the  Fi  generation  there  were  four  kinds  of  plants  obtained ;  chestnut 
red,  orange,  wine  red,  and  light  yellow,  approximately  in  the  proportion  of 
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nine,  three,  three,  one.  This  is  the  dihybrid  ratio  and  shows  that  in  this 
case  we  are  considering  two  pairs  of  independent  unit  characters.  The 
first  pair  is  the  dominant  red,  R,  and  the  recessive,  which  is  the  absence  of 


Fig.  404.  Diagram  of  inheritance  of  flower  color  in  sunflower 

R  represents  a  factor  for  the  dominant  character  red ;  r,  the  absence  of  this 
factor;  0,  the  factor  for  the  dominant  color  orange;  and  o,  the  factor  for  the 
recessive  pale  yellow.  R  and  O  together  produce  chestnut  red 

red,  r ;  the  second  pair  is  the  dominant  orange,  0,  and  the  recessive  pale 
yellow,  0.  By  these  symbols  Fig.  404  shows  the  crossing  of  the  chestnut 
red  and  the  light  yellow  and  the  composition  of  the  Fi  and  Fg  generations. 
The  red  sunflower  shows  how  a  new  variety  can  arise  as  a  mutation,  and 
how  still  other  new  varieties  can  be  obtained  by  further  breeding. 
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Character  of  mutation*  IVIutations  may  result  in  striking  new 
characteristics,  as  in  the  case  of  the  red  sunflower.  The  difference 
may  be  one  of  color,  form,  size,  or  other  features.  A  quantitative 
change  may  be  conspicuous.  The  evening  primrose  has  by  muta¬ 
tion  produced  large  forms.  Often,  however,  a  mutant  form  may 
differ  only  very  slightly  from  its  parents.  The  mutation  may  re¬ 
sult  in  only  a  very  slight  difference  in  size,  or  a  change  in  shade  of 
color,  or  some  other  minor  difference.  The  essential  characteristic 
of  a  mutation  is  that  there  is  a  change  which  is  hereditary. 

Origin  of  mutations.  Mutations  are  due  to  alterations  in 
chromosomes.  In  a  large  number  of  cases  a  mutation  is  connected 
with  differences  which  have  been  observed  between  chromosomes 
of  the  mutant  and  those  of  the  parent.  Many  mutants  are  con¬ 
nected  with  changes  in  the  number  of  chromosomes.  The  large 
gigas  forms  of  the  evening  primrose  have  twice  the  number  of 
chromosomes  found  in  ordinary  plants.  In  other  words,  instead  of 
being  diploid  the  plants  are  tetraploid.  Many  cultivated  plants 
have  varieties  with  more  than  the  diploid  number  of  chromosomes. 
These  multiplications  of  the  original  number  may  be  triploid, 
tetraploid,  pentaploid,  hexaploid,  etc.  Plants  with  more  than  the 
usual  number  of  chromosomes  are  sometimes  larger  than  the 
parent  form,  but  this  is  not  always  the  case.  They  may  also  differ 
in  other  characteristics.  The  most  common  cause  of  the  origin  of 
tetraploid  ^varieties,  probably,  is  that  the  chromosomes  of  a 
nucleus  have  divided  but  the  nucleus  itself  has  not.  Various  other 
irregularities  in  chromosome  numbers  have  been  found  to  be  con¬ 
nected  with  mutations.  Thus,  mutations  may  have  2  a;  +  1  or 
2  x-\- 2  chromosomes ;  such  numbers  appear  to  be  derived,  at 
least  in  some  cases,  from  the  failure  of  a  chromosome  to  divide  at 
the  usual  time.  If  two  chromatids  do  not  separate  at  metaphase 
but  pass  together  to  one  pole  and  thus  enter  a  single  nucleus,  that 
nucleus  will  have  one  more  than  the  usual  number  of  chromosomes, 
while  its  sister  nucleus  will  have  one  less.  Modifications  of  in¬ 
dividual  chromosomes  have  also  been  noted  in  mutants.  While 
changes  in  chromosomes  can  thus  be  observed  in  many  mutants, 
it  is  very  frequently  the  case  that  there  is  no  observable  change.  It 
would  appear,  however,  that  in  such  cases  there  must  have  been 
an  alteration  in  a  chromosome,  even  though  this  change  may  have 
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been  purely  chemical  and  one  which  cannot  be  detected  by  any 
means  at  our  disposal.  We  know  that  the  inheritance  of  Mendelian 
characters  is  dependent  on  chromosomes,  and  we  have  definite 
evidence  that  many  mutations  are  due  to  changes  in  chromosomes ; 
therefore  it  seems  logical  to  conclude  that,  in  general,  mutations 
are  brought  about  in  this  manner. 

While  it  does  appear  that  changes  in  chromosomes  are  responsi¬ 
ble  for  mutations,  we  are  still  left  with  the  problem  of  the  cause  of 
the  changes  in  the  chromosomes  themselves,  and  this  is  one  of  the 
most  perplexing  problems  of  heredity  and  evolution.  A  mutation 


Fig.  405.  Hybrid  vigor  in  corn 

Right  and  left,  two  inbred  strains ;  center,  their  Fi  progeny,  (After  Shull) 


often  occurs  in  a  single  individual  raised  with  many  others  under 
as  uniform  conditions  as  the  experimenter  can  produce.  Mutations 
have  been  induced  by  subjecting  organisms  to  such  violent  treat¬ 
ments  as  exposure  to  X  rays,  radium,  or  excessive  temperatures. 
These  experiments  do  not  solve  the  problem  of  the  cause  of  muta¬ 
tions  under  natural  conditions,  as  the  doses  of  X  ray  and  radium 
employed  are  much  greater  than  the  organisms  would  ever  en¬ 
counter  under  natural  conditions.  They  do  show,  however,  that  in 
some  cases  mutations  are  caused  by  definite  stimuli. 

Hybrid  vigor.  The  crossing  of  two  races  which  are  not  too  dis¬ 
tantly  related  frequently  results  in  an  increased  vigor,  known  as 
hybrid  vigor,  in  the  offspring  (Fig.  405).  In  wide  crosses  there  is 
often  an  increased  vigor  accompanied  by  sterility,  as  in  the  well- 
known  case  of  the  mule;  in  very  wide  crosses  sterility  may  be 
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accompanied  by  a  lessened  vigor ;  while  if  the  germinal  composi¬ 
tion  of  two  races  is  too  dissimilar,  it  is  impossible  to  hybridize  them. 

Within  the  range  in  which  crossing  results  in  an  increased  vigor 
without  lessened  fertility,  the  vigor  increases  with  the  degree  of 
heterozygousness  resulting  from  the  cross.  Self-fertilization  of  a 
heterozygous  race  results  in  a  decrease  in  the  heterozygous  con¬ 
dition;  so,  as  might  be  expected,  self-fertilization  of  a  vigorous 
hybrid  race  results  in  a  decrease  in  vigor  which  continues  until  a 
homozygous  condition  is  reached,  after  which  there  is  no  further 
deterioration. 

Hybrid  vigor  appears  to  be  connected  with  the  fact  that  the 
hybrid  contains  the  dominant  factors  of  both  parents,  and  that  in 
most  cases  dominant  characters  are  desirable  and  promote  vigor. 

Likewise,  the  deterioration  which  follows  the  self-fertilization 
of  vigorous  hybrids  seems  to  be  connected  with  a  decrease  in  the 
number  of  dominant  factors  in  the  homozygous  races.  Moreover, 
when  a  large  number  of  contrasting  factors  are  involved,  the  link-  ^ 
age  of  factors  in  the  same  chromosome  prevents  the  accumulation 
in  a  homozygous  condition  of  all  the  dominant  factors  present  in 
the  hybrid.  Thus,  if  a  chromosome  from  one  parent  of  the  hybrid 
contained  the  dominant  factors  A  and  B  and  the  recessive  factors 
c  and  d,  and  the  corresponding  chromosome  from  the  other  parent 
carried  the  recessive  factors  a  and  b  and  the  dominant  factors  C  and 
D,  the  hybrid  would  possess  all  four  dominant  factors ;  but  it  is 
not  to  be  expected  that  self-fertilization  would  result  in  an  individ¬ 
ual  homozygous  for  the  four  factors.  A,  B,  C,  and  D. 

Inbreeding  and  outbreeding.  Self-fertilization,  or  the  crossing 
of  closely  related  individuals  such  as  brothers  and  sisters  or  parent 
and  offspring,  is  known  as  inbreeding,  while  the  crossing  of  unre¬ 
lated  individuals  is  known  as  outbreeding. 

Inbreeding.  The  majority  of  flowering  plants  are  provided 
with  some  device  for  promoting  cross-pollination.  On  the  other 
hand,  some  vigorous,  plants,  such  as  wheat,  rice,  barley,  oats, 
tobacco,  beans,  and  tomatoes,  are  characterized  by  very  nearly 
continuous  self-fertilization.  Self-fertilization  in  these  cases  cer¬ 
tainly  does  not  appear  to  be  harmful.  Therefore  we  may  conclude 
not  only  that  cross-fertilization  is  not  always  necessary,  but  also 
that  self-fertilization  is  not  necessarily  harmful. 
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It  would  seem  that  continuous  vegetative  propagation  without 
any  sexual  reproduction  is  also  without  deleterious  effects.  Ordi¬ 
nary  varieties  of  bananas,  pineapples,  and  horseradish  are  ex¬ 
amples  of  very  vigorous  plants  that  are  always  reproduced  vegeta- 
tively.  Moreover,  they  have  reproduced  in  this  manner  throughout 
the  whole  period  during  which  we  have  Jinowledge  of  them.  As  far 
as  hereditary  composition  is  concerned,  vegetative  reproduction  and 
self-fertilization  of  homozygous  strains  should  have  the  same  effect. 

Self-fertilization  in  com.  Vigorous  varieties  of  corn  have  been 
found  to  be  complex  hybrids.  Self-fertilization  of  such  varieties 
results  in  rapid  deterioration.  This  deterioration  is  most  marked 
in  the  F i  generation.  The  deterioration  continues  for  several 
succeeding  generations,  but  the  amount  of  deterioration  becomes 
less  and  less.  The  final  result  is  the  production  of  approximately 
homozygous  strains  which  differ  greatly  from  each  other.  When, 
as  a  result  of  self-fertilization,  the  strains  become  homozygous,  no 
further  deleterious  effects  are  produced  by  self-fertilization.  When 
the  deteriorated  homozygous  strains  are  crossed,  the  vigor  of  the 
original  plants  is  restored  (Fig.  405).  This  result  shows  that  the 
deleterious  effects  following  self-fertilization  were  the  result  of 
reducing  the  plants  to  a  homozygous  condition.  Crossing  the  dete¬ 
riorated  strains  restored  the  heterozygous  condition,  in  which  the 
unfavorable  recessive  characters  w^ere  again  masked  by  favorable 
ones. 

Deleterious  effects  of  inbreeding.  If  a  strain  contained  no  un¬ 
favorable  recessive  characters,  self-fertilization  could  not  cause 
the  appearance  of  any  such  characters.  The  valuable  strains  in 
such  self-fertilized  plants  as  wheat  and  beans  appear  to  be  homo¬ 
zygous,  and  self-fertilization  cannot  produce  deterioration  by 
permitting  the  appearance  of  unfavorable  recessive  characters. 
We  may  conclude,  therefore,  that  self-fertilization  can  produce 
no  harmful  effect  in  homozygous  strains,  but  that  it  can  do  so  in 
strains  which  are  heterozygous,  as  it  decreases  the  number  of 
dominant  factors  and  also  allows  unfavorable  characters  to  appear. 
It  is  apparently  for  this  reason  that  harmful  results  frequently 
follow  the  close  mating  of  domestic  animals  and  of  man.  These 
are  usually  complex  hybrids  and  frequently  carry  unfavorable  reces¬ 
sive  factors  which  are  masked  by  favorable  dominant  ones. 
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The  crossing  of  two  separate  individuals,  which  is  characteris¬ 
tic  of  cross-pollinated  plants  and  of  all  higher  animals,  has  a  tend¬ 
ency  to  promote  a  heterozygous  condition,  and  an  increase  in 
heterozygousness  is  frequently  associated  with  increased  vigor. 
Self-fertilization,  or  close  inbreeding,  has  a  tendency  to  produce  a 
homozygous  condition,  and  so  frequently  results  in  decreased 
vigor  in  species  that  are  normally  cross-fertilized  and  heterozygous. 

The  value  of  outbreeding.  Outbreeding  frequently  affords  a 
great  advantage  over  inbreeding  in  that  it  results  in  increased  vigor, 
and  also  because  it  permits  the  combination  of  characters  of  differ¬ 
ent  varieties.  The  vigor  of  the  F^  generation  of  a  cross  is  frequently 
utilized  in  breeding.  A  conspicuous  example  is  that  of  the  mule, 
obtained  by  crossing  a  mare  and  a  male  ass.  In  plants  many  valu¬ 
able  hybrids  are  reproduced  vegetatively  by  buds  or  by  cuttings. 
This  method  of  preserving  a  hybrid  is  very  frequently  practiced 
with  fruit  trees  and  ornamental  plants. 

While  crossing  different  strains  frequently  results  in  increased 
vigor,  it  does  not  follow  that  a  good  variety  will  be  improved  by 
crossing  with  a  poor  one ;  in  fact,  the  reverse  is  usually  the  case. 
It  is  not  to  be  expected,  of  course,  that  a  valuable  variety  can  be 
improved  by  the  incorporation  of  undesirable  characters  in  it. 

Combination  of  outbreeding  and  inbreeding.  When  a  plant  can 
be  reproduced  readily  by  vegetative  means,  it  is  a  simple  matter 
to  retain  the  desirable  characters  found  in  a  hybrid.  The  case  is 
very  different,  however,  with  organisms  that  are  reproduced  only 
by  the  sexual  process.  In  such  cases,  if  a  hybrid  is  heterozygous  for 
many  desirable  characters,  a  strain  that  will  breed  true  for  a  con¬ 
siderable  proportion  of  them  can  frequently  be  obtained  by 
inbreeding.  Very  valuable  results  may  be  produced  by  such 
inbreeding  accompanied  by  vigorous  selection. 


CHAPTER  XVI 

DIVISIONS  OF  THE  PLANT  KINGDOM 

Classification  of  plants.  In  any  consideration  or  study  of  plants 
it  is  necessary  to  classify  them,  that  is,  to  arrange  them  in  groups 
and  subgroups.  The  different  species  are  placed  in  the  various 
groups  and  subgroups  according  to  their  similarities  and  differences. 
That  part  of  botany  which  deals  with  the  classification  of  plants  is 
known  as  systematic  botany. 

Since  the  general  acceptance  by  botanists  of  the  theory  of 
evolution,  it  has  been  the  ideal  of  systematic  botanists  to  devise  a 
classification  which  will  show  the  true  relationship  of  the  different 
kinds  of  plants.  Great  progress  has  been  made  in  this  direction ; 
but  on  many  points  there  is  a  dearth  of  information,  and  consider¬ 
able  speculation  and  divergence  of  opinion.  There  is  also  some 
disagreement  owing  to  the  tendency  of  some  authorities  to  prefer 
large  groups  with  many  members  and  of  others  to  have  many  small 
groups  with  fewer,  components. 

Divisions  of  the  plant  kingdom.  A  very  widely  used  system  of 
classification  of  plants  is  one  which  divides  the  plant  kingdom  into 
four  large  groups  called  divisions  or  phyla.  These  are  Thallophyta, 
Bryophyta,  Pteridophyta,  and  Spermatophyta.  These  names  end 
with  the  suffix  phyta,  which  denotes  that  they  are  names  of  divi¬ 
sions  of  the  plant  kingdom. 

Spermatophyta.  The  division  Spermatophyta  includes  all  seed¬ 
bearing  plants.  Some  plants,  such  as  seedless  bananas  and  seed¬ 
less  oranges,  are  regarded  as  spermatophytes  although  they  do 
not  produce  seed.  This  illustrates  the  fact  that  the  classification 
is  based  on  relationship  rather  than  on  arbitrary  characters.  Such 
seedless  plants  are  so  similar  in  general  characteristics  to  other 
spermatophytes  as  to  leave  no  doubt  of  a  close  relationship,  and 
in  some  cases  seedless  varieties  have  arisen  from  seeded  ones 
under  circumstances  which  are  well  known. 
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Pteridopliyta.  The  pteridophytes  are  the  ferns  and  their  allies 
the  horsetails  and  clubmosses  (Figs.  859,  882)._  They  have  neither 
flowers  nor  seed,  but  reproduce  by  means  of  single  cells  known  as 
s'poTBS.  On  the  backs  of  the  mature  leaves  of  most  of  the  common 
ferns  are  raised  brown  patches.  In  these  are  many  spore  cases 
(^sporanQ'icb),  each  containing  numerous  spores.  The  spores  fall  to 
the  ground  and  give  rise  to  minute  plants  called  pTothdili ,  singular 
pvothdllvjS  (Fig.  831).  The  prothalli  produce  eggs  and  motile  male 
cells,  the  spermatozoids  (Fig.  832).  An  egg  is  fertilized  by  a  sper- 
matozoid  and  then  develops  into  the  familiar  fern  plant  (Fig.  837). 
There  is  thus  an  alternation  of  a  large  plant  which  produces  asexual 
spores  and  a  minute  plant  bearing  sexual  cells.  This  alternation  is 
known  as  the  dlt&rnoMon  of  g&n6T(itions,  the  alternate  generations 
being  asexual  (spore-bearing)  and  sexual. 

Bryophyta.  The  bryophytes  are  the  mosses  and  the  mosslike 
plants  called  liverworts. 

Thailophyta.  The  name  Thallophyta  indicates  plants  with 
thallus  bodies,  that  is,  not  differentiated  into  stems,  roots,  and 
leaves.  A  great  variety  of  such  plants  are  found  in  the  division 
Thallophyta.  These  include  the  bacteria,  blue-green  algae,  algae, 
fungi,  and  lichens. 

The  system  of  classification  which  divides  the  plant  kingdom 
into  four  divisions  was  devised  many  years  ago  when  botanists 
knew  much  less  about  the  variety  in  smaller  plants  than  they  do 
today.  Further  study  has  shown  that  the  old  division  Thallophyta 
should  be  divided  into  a  number  of  divisions  or  subdivisions,  as  it 
embraces  a  great  diversity  of  plant  forms,  some  of  which,  as  for  in¬ 
stance  the  bacteria  and  the  true  algae,  can  be  separated  by  much 
more  fundamental  features  than  the  bryophytes,  the  pteridophytes, 
and  the  spermatophytes.  But  even  botanists  who  make  several 
divisions  of  the  Thallophyta  often  say  "  Thallophyta  ”  and  "thallo- 
phytes,”  as  these  are  very  convenient  terms  and  are  easily  under¬ 
stood,  being  based  on  obvious  characteristics. 

In  this  book  the  thallophytes  are  divided  into  various  divisions 
according  to  modern  ideas  of  classification  and  are  given  names 
ending  with  the  sufiix  ''phyta.”  It  is  perhaps  more  scientific  to 
consider  these  as  independent  divisions,  but  they  can  be  regarded 
as  subdivisions  of  the  Thallophyta, 
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Classes.  Divisions  are  subdivided  into  classes.  Thus,  the  divi¬ 
sion  Spermatophyta  is  composed  of  the  classes  Gyinnospermae  and 
Angiospermae,  which  are  separated  by  prominent  characteristics. 
The  angiosperms  are  the  flowering  plants  and  have  their  seeds 
enclosed  in  ovaries.  The  gymnosperms  include  the  cycads  and 
conifers ;  they  lack  true  flowers,  and  their  ovules  and  seed  are  not 
enclosed  in  ovaries,  but  are  said  to  be  naked.  In  many  gymno¬ 
sperms,  as  in  the  pine,  the  seeds  are  borne  in  cones.  At  the  time  of 
pollination  the  scales  of  the  pine  cone  are  separated  so  that  the 
pollen  may  reach  the  ovules.  After  pollination  the  scales  close  to¬ 
gether,  to  open  again  when  the  seeds  are  mature.  How'ever,  this 
is  very  different  from  the  enclosure  of  the  ovules  and  seed  in  an 
ovary  as  in  angiosperms. 

Orders  and  families.  Classes  are  in  turn  divided  into  orders,  the 
names  of  which  end  in  ales.  Thus,  the  roses  belong  to  the  order 
Rosales.  Orders  are  further  divided  into  families,  the  names  of 
which  usually  end  in  aceae,  as  Rosaceae,  the  rose  family. 

In  a  few  cases  the  family  name  does  not  end  in  acme,  the  name 
of  the  palm  family  being  Palmae. 

Families  are  composed  of  genera,  and  these,  in  turn,  of  species, 
the  latter  being  the  individual  kinds  of  plants.  Species  are  desig¬ 
nated  by  the  use  of  both  the  generic  and  specific  names,  the  generic 
being  given  first  and  the  specific  after  it.  This  has  been  discussed 
in  Chapter  I. 

Influence  of  fossil  botany.  The  classification  of  plants  was 
originally  based  on-  living  forms.  However,  a  study  of  the  plants 
of  past  geological  ages  has  given  a  great  deal  of  information  on  the 
subject.  Large  groups  which  were  formerly  dominant  have  dimin¬ 
ished  in  importance  until  they  are  represented  by  a  few  small 
forms ;  other  large  groups,  which  throw  much  light  on  the  rela¬ 
tionship  of  living  plants,  have  disappeared  completely.  Therefore 
some  knowledge  of  fossil  plants  is  necessary  for  an  understanding 
of  the  classification  of  plants.  For  this  reason  we  will  discuss 
briefly  the  nature  of  fossils  and  the  sequence  of  geological  ages 
before  considering  the  different  divisions  and  classes  of  plants. 

Nature  of  fossils.  A  fossil  may  be  defined  as  any  impression, 
remains,  or  trace  of  a  plant  or  animal  of  a  past  geological  age.  The 
most  important  types  are  impressions  and  petrified  structures. 
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We  are  all  familiar  with  the  impressions  made  by  leaves  in  mud. 
Plants  and  animals  are  frequently  buried  and  leave  impressions.  If 
these  impressions  remain  after  the  material  in  which  they  are  made 
is  turned  to  rock,  the  result  is  a  fossil.  Again,  plants  may  be  enclosed 
by  incrustations  of  silica  or  lime  from  the  water  of  hot  springs. 
The  impressions  (Figs.  406,  407)  give  us  much  information  concern¬ 
ing  the  form  and  shape  of  organisms  or  organs,  but  usually  nothing 

of  their  internal  structure. 

Among  the  most  instruc¬ 
tive  fossils  are  those  produced 
by  petrifaction.  In  such  cases 
the  plant  or  animal  material 
has  decayed  slowly  in  water 
in  which  a  large  amount  of 
silica,  lime,  or  other  mineral 
matter  was  dissolved,  and  the 
organic  matter  has  been  re¬ 
placed  by  the  mineral  in  solu¬ 
tion.  It  has  often  been  found 
possible  to  study  the  micro¬ 
scopic  structure  of  these  fossils 
in  great  detail. 

In  addition  to  the  above 
classes  of  fossils  we  sometimes 
find  the  original  material  of 
organisms  preserved.  Rarely 
a  complete  structure,  such  as 
a  leaf,  may  be  removed  from 
the  enclosing  rock.  Even  when  the  material  is  in  a  carbonized 
condition  it  may  afford  valuable  information. 

Formation  of  fossils.  The  rocks  of  the  earth’s  surface  are 
divided  into  two  classes,  according  to  their  origin :  igneous  and 
sedimentary.  Igneous  rocks  are  produced  as  the  result  of  heat, 
and  do  not  contain  fossils.  Sedimentary  rocks  are  formed  by  the 
transportation  of  small  rock  particles  and  their  subsequent  depo¬ 
sition  in  another  place,  or  they  are  the  result  of  precipitation 
from  solution,  or  of  secretion  by  organisms,  as  in  the  case  of  lime¬ 
stones.  Sedimentary  rocks  are  the  ones  that  yield  fossils. 


Fig.  406.  Fossil  leaves 
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It  is  a  common  observation  that  most  dead  plants  and  animals 
are  quickly  destroyed  by  decay.  They  are  not  likely  to  be  fossilized 
unless  they  are  rather  quickly  covered  by  some  protecting  material. 
Also,  oxygen  must  be  largely  excluded,  as  decay  is  dependent  on 
oxidation.  Such  favorable  conditions  are  most  usual  in  lakes,  seas, 
or  marshes.  Organisms  with  hard  parts  are  much  more  likely  to  be 
fossilized  than  are  those  without  them ;  for  this  reason  the  very 
primitive  and  soft  plants 
and  animals  are  rarely 
fossilized. 

Age  of  fossils.  In  the 
formation  of  sedimentary 
rocks  the  oldest  naturally 
occur  at  the  bottom  of  the 
series  and  the  youngest  at 
the  top.  The  most  ancient 
fossils  will  be  found  in  the 
oldest  rocks,  while  the 
most  recent  fossils  will  be 
in  the  youngest  rocks.  In 
the  past  history  of  the 
earth,  areas  that  were  un¬ 
der  the  sea  have  risen  and 
become  dry  land  (Fig.  408), 
while  some  of  the  areas 

that  were  formerly  dry  Fk.  407.  Fo»,U  leaf 

land  are  now  under  the 

sea.  Owing  to  erosion  and  the  washing  of  materials  from  the  land 
into  the  sea  (Fig.  409)  there  is  a  general  tendency  for  the  surface 
of  the  dry  land  to  be  washed  away,  while  that  under  the  sea  is 
built  up  by  the  accumulation  of  deposited  material.  In  this  way 
rocks  are  built  up  while  the  land  is  submerged,  and  are  worn  away 
when  the  land  is  exposed. 

Sometimes  the  same  land  has  been  elevated  above  the  sea  more 
than  once.  While  the  land  is  submerged,  layers  of  rock  are  formed. 
When  the  land  is  exposed  as  the  result  of  elevation,  the  rock  begins 
to  be  eroded,  and  if  the  area  is  exposed  for  a  long  period  it  may  be 
removed  to  a  considerable  depth.  If  such  an  area  is  again  sub- 


merged,  its  surface  will  be  covered  by  new  layers  of  rock.  There 
will  be  a  great  difference  in  age  between  the  lowest  of  these  new 
layers  and  the  old  layer  on  which  it  is  deposited.  This  is  due  to  the 
fact  that  during  the  time  when  the  area  was  exposed  no  new  layers 
were  formed,  and  much  of  the  former  rock,  ordinarily  of  its  newest 
part,  was  removed.  Owing  to  such  occurrences  as  that  just  out¬ 
lined  large  gaps  frequently  occur  in  the  geological  records  in  a 
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Fig.  408.  Cliff  more  than  a  thousand  feet  high  composed  of  alternately  bedded 
sandstone  and  shales  (Mountain  Province,  Philippine  Islands) 

Photograph  by  Dr.  H.  Otley  Beyer 


given  series  of  rocks.  By  piecing  together  the  geological  records 
from  various  parts  of  the  earth,  however,  it  is  possible  to  get  much 
information  concerning  the  relative  ages  of  different  rock  strata. 

Incompleteness  of  fossil,  records.  While  fossils  have  been 
formed  in  various  ways,  the  great  majority  of  them  originated 
under  water,  and  the  discovery  of  most  of  them  has  been  due  to  the 
emergence  of  land  that  was  formerly  submerged.  When  such 
fossils  are  discovered  it  is  usually  owing  to  a  combination  of  favor¬ 
able  circumstances.  Fossils  that  are  formed  in  deep  seas  are 
rarely  seen,  as  such  areas  are  not  often  elevated  sufficiently  to  be- 


come  dry  land.  When  areas  of  fossil-bearing  rocks  are  exposed  to 
erosion,  the  fossils  are  uncovered,  and  in  this  way  many  fossils  are 
brought  to  the  attention  of  man ;  but  those  that  were  exposed  in 
this  manner  in  past  ages  have  been  destroyed,  and  so  a  great  deal 
of  the  fossil  record  has  been  lost.  Fossils  have  also  been  destroyed 
by  being  dissolved  from  rocks,  by  being  subjected  to  great  pressure, 
and  by  various  other  means.  As  was  previously  stated,  the  soft 


Fig.  409.  Erosion  on  a  mountainside  (Taal  Volcano,  Philippine  Islands) 


parts  of  organisms  are  rarely  fossilized.  Owing  to  the  above- 
mentioned  facts  and  for  other  reasons,  the  fossil  record  is  not  as 
complete  as  we  should  like  to  have  it ;  moreover,  the  study  of  such 
fossils  as  can  be  found  is  very  far  from  complete ;  yet,  in  spite  of 
its  imperfections,  the  fossil  record  has  given  us  considerable  knowl¬ 
edge  of  the  past  history  of  floras  and  faunas. 

Eras  and  periods.  Geological  time  is  divided  into  five  eras : 
the  Archeozoic,  Proterozoic,  Paleozoic,  Mesozoic,  and  Cenozoic. 
These  eras  are  subdivided  into  periods. 

According  to  the  best  estimates  geological  time  has  lasted  at 
least  2,000,000,000  years.  About  500,000,000  years  have  elapsed 
since  the  dawn  of  the  Paleozoic  era. 
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In  Fig.  410  the  different  eras  and  the  periods  of  the  more  recent 
eras  are  shown  in.  tabulated  form,  also  the  dominant  plants  and 
animals  of  the  different  ages.  Several  of  these  periods  are  sub¬ 
divided  into  two  periods  by  many  geologists. 

The  most  accurate  method  of  estimating  the  age  of  the  earth  is  based 
on  the  fact  that  the  radioactive  elements  uranium  and  thorium  disinte¬ 
grate  spontaneously,  forming  lead,  at  constant  rates  which  can  be  deter¬ 
mined.  The  age  of  a  uranium  mineral  can  therefore  be  calculated  from  the 
proportions  of  uranium  and  lead  it  contains.  In  actual  practice  there  are 
various  complications  which  must  be  taken  into  account ;  in  fact,  con¬ 
ditions  for  accurate  determinations  of  age  are  so  exacting  that  only  a  few 
have  been  made.  As  estimated  by  this  method,  one  ore  has  an  age  of  more 
than  1,800,000,000  years.  This  ore  is  in  dikes  that  are  intruded  into  older 
rocks,  and  so  it  may  be  concluded  that  the  age  of  the  earth  is  at  least 
2,000,000,000  years.  The  age  of  a  mineral  accurately  dated  as  belonging 
to  the  latest  Cambrian  has  been  determined  as  450,000,000  years,  and 
from  this  evidence  it  has  been  estimated  that  the  Paleozoic  era  began 
about  500,000,000  years  ago. 

A  great  deal  about  the  relative  and  something  of  the  actual  lengths  of 
ages  and  periods  can  be  calculated  from  the  thickness  of  sedimentary  rocks 
formed  during  them.  Recent  figures  obtained  in  this  way  agree  with 
those  calculated  from  radioactive  disintegration,  and  so  we  can  estimate 
the  duration  of  various  ages.  However,  so  much  information  is  lacking 
that  it  may  be  a  long  time  before  these  estimates  are  very  exact. 

History  as  told  by  fossils.  The  fossil  record  shows  that  in  animals 
there  has  been  a  development  from  the  simple  to  the  complex,  and 
that  mammals  appeared  late  in  geological  history.  In  popular  lan¬ 
guage  certain  successive  geological  times  are  often  called  the  Age  of 
Invertebrates,  the  Age  of  Fishes,  the  Age  of  Amphibians,  the  Age  of 
Reptiles,  and  the  Age  of  Mammals.  The  great  groups  of  animals 
appeared  in  the  above  order  and  were  dominant  in  the  ages  which 
bear  their  names.  Most  animals  of  the  earlier  ages,  such  as  gigan¬ 
tic  amphibians  and  reptiles  and  the  birdlike  reptiles,  have  disap¬ 
peared;  many  of  them  have  left  no  descendants  or  close  relatives. 

Incomplete  as  a  fossil  record  is,  it  leaves  no  doubt  that  the 
plants  and  animals  of  one  age  were  derived  from  those  of  a  previous 
age  by  gradual  changes,  and  that  the  accumulation  of  these  changes 
through  the  long  periods  of  geological  time  has  resulted  in  an  evo¬ 
lution  from  very  simple  ancestors  to  complex  organisms. 
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The  earliest  known  plants  had  very  sinaple  structures ;  age  by 
age,  more  and  more  complex  forms  made  their  appearance  (Fig. 
410).  The  only  plants  of  which  there  is  anything  like  good  evidence 
before  the  Paleozoic  age  are  the  bacteria  and  blue-green  algae, 
and  these  are  the  two  simplest  classes  of  plants.  True  algae  are 
the  highest  types  found  in  the  earlier  Paleozoic  rocks.  The  most 
ancient  known  representatives  of  the  land  plants  are  very  primitive 
pteridophytes  from  the  Devonian  period.  During  the  succeeding 
Carboniferous  period  there  was  a  great  diversity  of  pteridophytes, 
some  of  which  were  large,  complex,  and  dominant  trees.  The 
first  known  seed  plants  are  from  late  Devonian  times.  They  be¬ 
longed  to  the  most  primitive  class  of  gymnosperms,  the  seed-fems. 
This  group  became  extinct  in  the  Mesozoic  age.  Angiosperms  are 
not  known  earlier  than  the  Cretaceous,  the  last  period  of  the 
Mesozoic  age.  During  this  period  they  rose  to  dominance,  and 
they  have  retained  this  position  since  that  time. 
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BACTERIA 

STRUCTURE 

General  characteristics.  The  bacteria  are  exceedingly  minute 
and  very  simple  organisms.  Most  of  them  are  essentially  single 
unbranched  cells  (Figs.  411,  412),  although  many  adhere  together 
in  small  groups  or  chains  (Figs.  411),  a  few  have  branched  cells 
(Fig.  417),  while  some  are  characterized  by  occurring  as  filaments 
(rows  of  cells).  Even  when  bacteria  are  held  together  in  groups  or 
chains,  each  individual  cell  carries  on  its  own  life  processes  inde¬ 
pendently  of  the  others ;  there  is  no  division  of  labor.  The  un¬ 
branched  single-celled  bacteria  have  the  general  shape  of  balls 
(coccus  forms),  rods  (bacillus  forms),  or  curved  cells  (spirillum 
forms)  (Fig.  411). 

Size.  The  size  of  microscopic  objects  is  usually  measured  in  terms  of 
microns,  which  are  denoted  by  the  Greek  letter  p ;  the  name  of  the  letter 
is  "mu.”  A  is  a  unit  of  length,  .001  of  a  millimeter.  Most  bacillus 
forms  are  between  1.5  and  10  fx  in  length.  Perhaps  an  average  size  would 
be  about  2  (x  in  length  and  .5  fx  in  diameter.  Coccus  forms  are  usually 
about  .5  or  .Q  fx  in  diameter. 

If  we  assume  a  rod-shaped  bacillus  to  have  the  shape  of  a  cylinder,  its 
volume  can  be  calculated  by  the  formula  irr^  X  length.  The  calculated 
volume  of  a  bacillus  .5  X  2  ju  is  .000,000,000,393  cu.  mm.  Assuming  the  spe¬ 
cific  gravity  of  the  bacillus  to  be  1.04,  it  would  weigh  .000,000,000,408  mg. 

Number  of  bacteria.  Although  we  do  not  see  the  bacteria,  they 
are  present  all  around  us.  They  float  in  the  air  to  great  elevations, 
occur  on  the  surfaces  of  almost  all  objects,  and  are  very  abundant 
in  water  and  soil.  They  are  numerous  on  our  skin  and  occur  in 
enormous  numbers  in  our  mouths  and  intestinal  tracts.  The  num¬ 
ber  of  bacteria  in  various  natural  situations  is  very  great.  They 
may  occur  by  the  thousands  in  a  cubic  centimeter  of  water  or  milk. 
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Fic.  411.  Various  forms  of  bacteria 

First  line,  at  the  left,  coccus  forms ;  at  the  right,  bacillus  forms ;  second  and 
third  lines,  bacillus  forms ;  fourth  line,  spirillum  forms 


Fig.  412.  Various  types  of  bacteria 

Among  those  which  cause  serious  diseases  are  B,  anthrax ;  E,  boils ;  H,  typhoid 
fever;  2V,  cholera;  Q,  tuberculosis ;  12,  leprosy;  (S,  diphtheria ;  T,  meningitis; 
C7,  pneumonia;  V,  dysentery;  X,  tetanus 


Bacteria 
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Normal  soils  with  a  good  percentage  of  organic  matter  contain,  on 
the  average,  from  two  million  to  two  hundred  million  bacteria  per 
gram.  Heavily  manured  soils  may  contain  more,  poor  soils  less. 
Manure  and  sewerage  may  contain  a  great  many  more. 

Cell  structure.  The  bacteria  are  small  masses  of  protoplasm 
without  chlorophyll,  surrounded  by  cell  walls.  The  bacteria  do  not 
possess  nuclei  such  as  are  found  in  higher  plants,  but  many  of  them 
contain  granules  which  have  staining  properties  resembling  those  of 
chromatin  (Fig.  413). 

In  many  cases  these 
granules  are  scattered 
throughout  the  cell, 
while  single  spherical, 
spiral,  or  zigzag  struc¬ 
tures  have  been  de¬ 
scribed  in  some  bacte¬ 
ria.  The  question  as  to 
whether  or  not  the  bac¬ 
teria  have  nuclei  seems 
to  depend  largely  on 
the  definition  given  for 
a  nucleus.  If  the  term 
nucleus  is  confined  to 
those  highly  organized 
nuclei  which  divide  mi- 
totically,  then  the  bac¬ 
teria  do  not  appear  to  have  nuclei.  If,  on  the  other  hand,  granules 
which  have  staining  properties  resembling  those  of  chromatin  may 
be  regarded  as  nuclei,  some  bacteria  possess  such  structures.  Cer¬ 
tainly  the  bacteria  do  not  seem  to  possess  anything  that  resembles 
a  typical  nucleus. 

A  few  of  the  cocci  and  many  of  the  bacilli  and  spirilla  have  very 
small,  delicate,  threadlike  processes  known  as  flagella  (Figs.  411, 
412),  The  movements  of  these  flagella  give  the  bacteria  the  power 
of  locomotion. 

The  small  size  of  the  bacteria  makes  their  structure  difficult  to 
observe,  and  the  flagella  are  so  minute  and  delicate  that  there  is 
still  considerable  debate  as  to  the  presence  or  absence  of  flagella 


Fig.  413.  Internal  structure  of  bacteria 
Redrawn  after  Dobell 
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in  many  coniinon  bacteria.  Naturally  it  is  difficult  to  study  their 
nature.  They  are  thought  to  be  extensions  of  the  protoplasm 
through  the  cell  wall. 

The  cell  wall  is  a  delicate  membrane  which  cannot  be  seen  in  bacteria 
in  their  natural  state.  It  may  be  made  visible  by  plasmolyzing  the  cell  so 
as  to  separate  the  cell  wall  from  the  protoplasm.  It  is  difficult  to  demon¬ 
strate  the  presence  of  the  cell  wall  by  staining,  as  it  and  the  protoplasm 
are  colored  by  the  same  aniline  dyes.  This  similarity  in  staining  reaction 
indicates  a  similarity  in  composition  which  is  not  found  in  higher  plants. 
The  chemical  nature  of  the  wall  is  a  debated  question.  In  some  bacteria  it 
is  reported  as  showing  a  blue  color  when  treated  with  chloride  of  zmc. 
This  reaction  is  often'  used  as  a  test  for  the  presence  of  cellulose  or 
hemicellulose.  The  presence  of  cellulose  has  been  reported  by  several 
observers,  while  others  have  failed  to  find  it.  In  some  bacteria  the  prin¬ 
cipal  chemical  elements  found  in  the  wall  occur  in  about  the  sa  ne  pro¬ 
portions  as  in  chitin,  thus  suggesting  a  relation  to  chitin.  Apparently  the 
composition  is  not  the  same  in  all  bacteria,  and  the  whole  question  needs 
furtW  investigation. 

Capsules.  In  addition  to  a  thin  layer  of  cell  wall  surrounding  the 
protoplasm,  there  is  in  some  bacteria  an  external  covering  or  capsule  of 
slime  which  is  derived,  at  least  in  some  cases,  from  the  external  layer  of  the 
cell  wall.  In  certain  forms  this  is  relatively  thick  in  comparison  with  the 
size  of  the  cell.  In  some  species  the  capsule  may  or  may  not  be  present, 
depending  upon  the  conditions  under  which  the  bacteria  are  growing. 
The  capsules  are  useful  in  identifying  some  bacteria. 

Cell  inclusions.  Some  bacteria  are  distinguished  by  the  presence  of 
characteristic  inclusions.  Bodies  known  as  metachromatic  granules  are 
common  in  large  bacteria.  In  bacillus  types  they  often  occur  as  large 
“polar  bodies” ;  in  this  form  they  are  prominent  in  the  diphtheria  bacil¬ 
lus.  Their  presence  and  arrangement  is  often  used  in  the  identification  of 
bacteria. 

*'  Acid-fast  particles  ”  are  characteristic  of  certain  bacteria  and  afford 
a  convenient  method  of  distinguishing  them.  Among  such  bacteria  are 
the  tuberculosis  and  leprosy  bacilli.  The  acid-fast  particles  are  difficult  to 
stain  with  aniline  dyes,  and  after  being  stained  they  resist  the  decolorizing 
action  of  acids,  from  which  fact  they  get  their  name.  Bacteria  which  are 
characterized  by  the  presence  of  these  particles  are  known  as  acid-fast 
bacteria. 

Glycogen  and  fat  are  found  in  some  bacteria ;  granules  of  sulfur  are 
foimd  in  sulfur  bacteria. 
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REPRODUCTION 

Multiplication.  No  sexual  reproduction  is  known  among  bac¬ 
teria.  They  multiply  by  the  simple  process  of  division.  A  con¬ 
striction  appears  around  the  middle  of  the  cell,  and  the  protoplasm 
is  divided  into  two  parts  by  an  ingrowing  cell  wall.  Bacillus  and 
spirillum  forms  divide  across  the  middle  of  the  cells  at  right  angles 
to  their  long  axis.  After  division,  the  daughter  cells  grow  in  length 
until  they  reach  mature  size.  If  the  daughter  cells  do  not  separate 
immediately,  chains  of  varying  length  may  be  formed.  Coccus 
forms  assume  an  ellipsoidal  figure  before  dividing;  the  daughter 
cells  are  at  first  flattened  against  each  other,  and  then  round  out  as 
they  separate. 

Various  coccus  forms  divide  in  either  one,  two,  or  three  planes. 
Those  that  divide  in  only  one  plane  (Streptococcus)  may  hang  to¬ 
gether  to  form  chains ;  those  which  divide  in  two  planes  (Piano- 
coccus)  produce  flat  plates ;  those  which  divide  in  three  planes  and 
remain  together  (Sarcina)  produce  cubical  bales  or  packets.  Divi¬ 
sion  in  three  planes  irregularly  placed  with  reference  to  each  other 
(Staphylococcus)  produces  irregular  groups.  Coccus  forms  char¬ 
acterized  by  occurring  in  pairs  are  known  as  diplococci  (Fig.  411). 

Rate  of  multiplication.  The  rate  of  multiplication  varies  both  with 
the  species  and  with  the  environment.  Under  favorable  conditions  some 
bacteria  may  reach  maturity  and  divide  in  t^venty  minutes,  others  in 
half  an  hour.  If  the  latter  rate  were  maintained,  the  descendants  of  a 
single  bacterium  would  be  4  in  an  hour,  256  in  four  hours,  and  about 
281,475,000,000,000  in  twenty-four  hours.  If  such  bacteria  were  .5  p  in 
diameter  and  2  pin  length,  they  would  still  weigh  less  than  115  grams  at 
the  end  of  this  first  twenty-four  hours,  but  at  the  end  of  another  twenty- 
four  hours  they  would  have  a  weight  of  more  than  32  trillion  tons.  Of 
course  no  such  multiplication  ever  takes  place  in  nature,  as  the  food  sup¬ 
ply  would  quickly  become  exhausted  and  conditions  would  rapidly  be¬ 
come  unfavorable  in  other  respects.  Such  figures  as  those  given  above  are 
not  worth  remembering ;  but  they  serve  to  emphasize  the  small  size  of  the 
bacteria  and  the  rapidity  with  which  they  may  increase.  They  also  ex¬ 
plain  why  it  is  that  processes  which  are  due  to  bacterial  action,  such  as 
souring  of  milk  and  decay,  may  go  unnoticed  for  some  time  and  then  seem 
to  take  place  very  quickly,  the  bacteria  being  comparatively  few  at  first 
and  later  becoming  exceedingly  numerous. 
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Spores.  Some  of  the  bacilli  and  a  few  of  the  spirilla  form  spores. 
Spores  are  defined  as  single-celled  reproductive  structures.  Those 
of  the  bacteria  are  called  endospores  because  they  are  formed  within 
a  cell  (Fig.  414).  The  spore  is  first  seen  as  a  minute  spot  more 
refractile  than  the  remainder  of  the  protoplasm.  This  grows  an^ 
assumes  a  position  characteristic  of  the  species ,  that  is,  terminal, 
central,  etc.  The  spore  becomes  surrounded  by  a  thick  membrane, 


Fig.  414.  Spore  formation  and  germination  in  Bacillus  esterijicans 

A,  the  swarming  stage;  B,  C,  D,  progressive  stages  in  endospore  formation; 
E,  spores  after  the  disintegration  of  the  remainder  of  the  bacterium ;  F,  the 
germination  of  spores.  (After  Huss) 


and  the  part  of  the  bacterium  exterior  to  it  disintegrates  and  dis¬ 
appears.  The  endospores  are  very  resistant  to  adverse  conditions 
such  as  dryness  or  extreme  temperature.  The  spores  of  the  an¬ 
thrax  bacillus  have  been  found  to  be  alive  and  capable  of  growing 
after  a- lapse  of  seventeen  years,  and  those  of  tetanus  bacillus  after 
eleven  years.  When  placed  under  favorable  conditions,  a  spore 
changes  back  to  an  ordinary  bacterium.  Usually  the  spore  en¬ 
larges,  some  part  of  the  wall  dissolves,  and  the  contents  emerge  as 
a  single  bacterium.  The  importance  of  spores,  from  the  standpoint 
of  the  bacteria,  seems  to  lie  in  the  fact  that  they  enable  the  bacteria 
to  survive  under  adverse  conditions.  As  a  bacterium  forms  a  single 
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spore  and  this  again  gives  rise  to  a  single  bacterium,  spore  forma¬ 
tion  does  not  result  in  multiplication,  but  in  survival  under  adverse 
conditions. 

The  success  obtained  in  pasteurization  of  milk  by  heating  it  at 
65°  C.  for  twenty  minutes  is  due,  to  a  considerable  extent,  to  the 
fact  that  the  bacteria  responsible  for  intestinal  diseases  do  not 
form  spores. 

A  few  bacteria  which  are  responsible  for  human  diseases  produce 
spores,  as  the  tetanus  organism,  which  is  widespread  and  responsible  for 
fatal  infections  in  wounds,  particularly  deep  ones ;  Clostridium  (Badllm) 
welchii,  which  is  a  frequent  cause  of  gangrene  in  wounds;  Bacillus  an- 
thracis,  the  causal  agent  of  anthrax,  primarily  a  disease  of  animals  but 
relatively  common  in  men  who  handle  animals ;  and  Clostridium  {Bacillus) 
hotulinum,  which  does  not  infect  man  but  produces  a  toxin  which  may  be 
present  in  foods  under  certain  conditions. 

Changes  in  form.  The  same  species  of  bacteria  may  show  dif¬ 
ferent  forms  under  different  conditions;  Thus,  the  nitrogen-fixing 
bacteria  in  the  roots  of  legumes  may  change  from  rods  to  oval 
swarmers  and  to  irregularly  shaped  and  branching  vacuolated 
bodies.  The  tubercle  bacillus  is  ordinarily  a  short  rod  but  may  be  a 
long,  branched  filament.  Various  bacteria  have  been  made  to 
assume  such  minute  forms  that  they  pass  through  very  fine  filters 
that  hold  back  the  better-known  coccus,  bacillus,  and  spirillum 
forms.  The  changes  are  not  from  one  species  to  another,  but 
simply  variations  within  the  same  species. 

NUTRITION  OF  BACTERIA 

Nutrition  of  bacteria.  Green  plants  are  very  uniform  in  their 
methods  of  nutrition  and  of  obtaining  energy.  They  store  energy 
through  photosynthesis  and  release  it  by  means  of  respiration.  The 
condition  in  the  bacteria  is  very  different,  as  among  them  we  find 
very  diversified  methods  of  obtaining  energy.  According  to  their 
methods  of  life,  bacteria  may  be  divided  into  aiUotropMc  and  hetero- 
trophic  species.  Autotrophic  bacteria  are  those  which  can  obtain 
carbon  from  the  carbon  dioxide  of  the  air  and  their  energy  from 
the  oxidation  of  inorganic  compounds.  Heterotrophic  bacteria 
require  a  supply  of  organic  matter  as  a  source  of  both  carbon  and 


378  The  Plant  Kingdom 

energy.  Some  of  the  autotrophic  bacteria  can  live  heterotrophi- 
cally.'  There  are  many  different  types  of  autotrophic  bacteria,  and 
different  groups  oxidize  different  substances,  among  which  are 
sulfur,  hydrogen  sulfide,  ammonia,  nitrites,  and  hydrogen.  Other 
bacteria  oxidize  iron  and  manganese  compounds,  reactions  which 
have  usually  been  regarded  as  sources  of  energy, 
but  the  significance  of  which  is  still  in  dispute. 

Autotrophic  bacteria.  The  nutrition  of  the  auto¬ 
trophic  bacteria  is  strikingly  different  from  that 
of  all  other  known  living  organisms.  Green  plants 
obtain  energy  from  sunlight  and  store  it  in  the 
products  of  photosynthesis.  When  energy  is  re¬ 
quired  for  the  life  activities  of  these  plants,  this 
stored  energy  is  released  by  respiration,  which  is 
the  oxidation  of  organic  compounds  that  had  their 
origin  in  the  process  of  photosynthesis.  Animals 
also  obtain  energy  for  their  life  activities  by  the 
release,  through  respiration,  of  energy  stored  by 
plants  in  the  products  of  photosynthesis.  The 
energy  used  by  both  plants  and  animals  is,  there¬ 
fore,  the  energy  of  sunlight  which  is  stored  by 
plants  in  photosynthesis.  Both  saprophytic  and 
parasitic  plants  resemble  animals  in  that  they 
obtain  energy  by  the  oxidation  of  organic  com¬ 
pounds  that  had  their  origin  not  in  themselves 
but  in  green  plants.  The  autotrophic  bacteria  differ 
from  any  of  the  foregoing  classes  of  organisms  in 
that  they  can  obtain  energy  by  the  oxidation  of 
inorganic  substances  existing  in  nature.  It  seems  very  improbable 
that  the  first  living  organisms  possessed  chlorophyll  and  obtained 
their  source  of  energy  through  such  an  elaborate  process  as  photo¬ 
synthesis.  The  autotrophic  bacteria  suggest  a  way  in  which  organ¬ 
isms  might  have  obtamed  energy  before  the  evolution  of  either 
chlorophyll  or  photosynthesis. 

Sulfur  bacteria.  A,  number  of  different  morphological  and 
physiological  types  are  found  among  the  sulfur  bacteria.  However, 
they  are  all  .alike  in  that  they  obtain  energy  from  the  oxidation  of 
sulfur  or  its  compounds,  hydrogen  sulfide  or  thiosulfates.  Some 


Fig.  415.  Beg- 
giatoa  alba,  a 
sulfur  bacte¬ 
rium 

Left,  filament ; 
right,  filament 
with  four  en- 
dospores  and  a 
sulfur  globule. 
(After  EUis) 
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of  them  are  filamentous  forms  (Fig.  415),  others  are  separate  cells. 
Some  get  their  energy  primarily  from  the  oxidation  of  elementary 
sulfur,  others  from  hydrogen  sulfide. 

One  group  of  filamentous  forms,  including  the  genera  Beggiatoa  (Fig. 
415)  and  Thiothrix,  oxidizes  hydrogen  sulfide  and  accumulates  granules  of 
sulfur  within  the  cells.  These  granules  take  the  place  of  starch  in  higher 
plants  as  a  stored  source  of  energy.  If  deprived  of  hydrogen  sulfide,  the 
bacteria  oxidize  the  stored  sulfur ;  after  this  is  exhausted,  they  die.  The 
sulfuric  acid  formed  as  a  result  of  the  oxidation  of  the  sulfur  is  neutralized 
by  calcium  carbonate  or  bicarbonate  present  in  the  water.  The  energy 
obtained  from  the  oxidation  is  utilized  for  the  assimilation  of  carbon 
dioxide.  For  every  gram  of  carbon  synthetized,  about  8  to  19  grams  of 
sulfur  are  consumed. 

A  large  heterogeneous  group  of  bacteria  which  do  not  form  filaments 
also  oxidizes  hydrogen  sulfide  and  accumulates  granules  of  sulfur  within 
the  cells.  Another  group  oxidizes  hydrogen  sulfide  and  thiosulfate  with 
the  production  of  sulfur  not  within  but  outside  their  cells.  A  group  of 
minute  non-filamentous  forms  oxidizes  elementary  sulfur  with  the  forma¬ 
tion  of  sulfuric  acid. 

A  very  interesting  group  of  sulfur  bacteria,  known  as  the  purple  bac¬ 
teria,  contains  a  red  pigment  (bacteriopurpurin)  and  a  green  pigment 
(bacteriochlorin).  The  red  pigment  absorbs  light  from  the  red  end  of  the 
spectrum.  While  the  physiology  of  these  bacteria  is  not  well  understood 
and  important  points  are  in  question,  it  is  generally  believed  that  they 
have  some  sort  of  photosynthetical  process,  although  they  may  not  be 
able  to  make  extensive  use  of  it.  These  bacteria  may  show  an  indication 
of  the  beginning  of  some  such  photosynthetical  process  as  is  found  in  green 
plants. 

Nitrite  and  nitrate  bacteria.  A  large  amount  of  ammonia  is 
produced  by  the  decay  of  animal  and  plant  materials,  ammonia 
being  the  chief  nitrogenous  end-product  of  their  decomposition. 
A  group  of  organisms  known  as  nitrite  bacteria  obtain  energy  for 
the  synthesis  of  carbon  from  the  oxidation  of  ammonia  with  the 
production  of  nitrites.  Another  bacterium  obtains  energy  through 
the  oxidation  of  nitrites  to  produce  nitrates.  The  nitrite  and 
nitrate  bacteria  are  not  only  interesting  on  account  of  their  method 
of  obtaining  energy,  but  are  exceedingly  important  for  soil  fertility 
in  that  they  conserve  the  nitrogen  of  decaying  organic  material  and 
convert  it  into  the  form  in  which  it  is  most  usually  absorbed  by 
higher  plants.  They  are  present  in  all  soils  except  very  acid  ones. 
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The  commonest  nitrite  bacteria  belong  to  the  genus  Nitrosomonas,  of 
which  there  appear  to  be  various  forms  in  different  parts  of  the  world. 
Nitrosomonas  is  oblong  or  rounded,  and,  when  motile,  has  a  single  fla¬ 
gellum.  The  other  genus  of  nitrite  bacteria  is  Nitrosococcus,  which  is  a 
non-motile  coccus  form.  The  nitrate  bacterium  is  Nitrobacter,  a  non- 
motile  rod-shaped  bacterium. 


Bacteria  oxidizing  iron.  The  nitrifying  bacteria  are  strictly 
autotrophic.  Some  of  the  sulfur  bacteria  can  utilize  organic  com¬ 
pounds.  This  is  still  truer  of  the  iron  bacteria ;  while  there  is  much 
difference  of  opinion  as  to  the  physiology  of  the  group,  it  appears 
that  some  can  oxidize  ferrous  to  ferric  iron  and  use  the  energy  thus 
set  loose  for  the  assimilation  of  carbon. 


Fig.  416.  Gallionella 
ferruginea,  an  iron 
bacterium 

After  Migula 


Probably  some  (Spirophyllum)  cannot  live  with¬ 
out  ferrous  bicarbonate,  while  others  (Leptothrix) 
can  live  without  it,  or,  if  it  is  present,  can  utilize 
it.  Still  other  bacteria  accumulate  iron  by  purely 
mechanical  means  and  are  not  true  iron  bacteria. 
Some  iron  bacteria  {Leptothrix  but  not  Spirophyl¬ 
lum)  can  utilize  manganese  bicarbonate  in  place 
of  ferrous  bicarbonate. 

Bacteria  oxidizing  other  substances.  One 
bacterium  {Micrococcus  selenicus)  can  obtain  en¬ 
ergy  by  the  oxidation  of  selenium  compounds,  a 
number  can  oxidize  hydrogen  to  water,  others 
oxidize  methane,  while  some  other  hydrocarbons 
and  also  carbon  monoxide  can  be  utilized  by  cer¬ 
tain  bacteria. 


Heterotrophic  bacteria.  Bacteria  which  can  utilize  carbon  only 
when  it  is  in  the  form  of  organic  compounds  are  said  to  be  hetero¬ 
trophic.  Such  bacteria  are  necessarily  dependent  on  other  organ¬ 
isms  for  the  production  of  organic  carbon  compounds.  Hetero¬ 
trophic  bacteria,  therefore,  are  either  parasitic,  obtaining  their 
carbon  from  living  organisms,  or  saprophytic,  getting  carbon  from 
the  dead  remains  or  the  dead  products  of  living  organisms. 

Nitrogen-fixmg  bacteria.  These  bacteria  are  heterotrophic,  and 
so  need  carbon  in  organic  form.  They  can  ordinarily,  however, 
obtain  the  nitrogen  they  need  from  the  uncombined  nitrogen  of  the 
atmosphere,  while  most  plants  require  nitrogen  in  the  form  of  com- 
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pounds.  Among  the  nitrogen-fixing  bacteria  there  are  a  number  of 
widespread  forms  that  live  free  in  soil,  and  a  type  that  occurs  in 
nodules  on  higher  plants,  chiefly  on  the  roots  of  legumes,  such  as 
beans,  peas,  clover,  and  alfalfa.  These  bacteria  are  exceedingly 
important  from  the  standpoint  of  soil  fertility,  as  they  may  supply 
large  amounts  of  nitrogen  to  the  soil.  Nitrogen  is  essential  for  the 
building  of  proteins,  and  it  is  the  element  in  which  soils  are  most 
likely  to  be  lacking.  Some  combined  nitrogen  is  added  to  the  soil 
as  the  result  of  electrical  discharges  in  the  atmosphere,  but  the 
amount  is  very  small  as  compared  with  that  resulting  from  the 
activities  of  nitrogen-fixing  bacteria.  Before  the  action  of  nitrogen¬ 
fixing  bacteria  was  known,  some  scientists  thought  that  the  ex¬ 
haustion  of  the  supply  of  combined  nitrogen  would  result  in  the 
end  of  civilization.  The  activity  of  the  bacteria  in  the  nodules  on 
the  roots  of  legumes  explains  the  value  of  legumes  in  enriching  the 
soil. 

Free-living  nitrogen-fixing  bacteria.  Nitrogen  fixation  is  due  to  both 
anaerobic  and  aerobic  bacteria.  The  first  can  grow  in  the  absence  of 
oxygen,  and  in  some  cases  cannot  grow  if  more  than  a  very  small  amount 
is  present ;  the  latter  require  oxygen.  The  best-known  anaerobic  nitrogen¬ 
fixing  form  is  Bacillus  (Clostridium)  amylobacter.  The  most  important 
aerobic  ones  belong  to  the  genus  Azotobacter,  which  is  rod-shaped  and 
flagellated.  The  fixation  of  nitrogen  requires  energy.  This  is  furnished 
by  organic  carbon  compounds  which  are  oxidized  by  the  nitrogen-fixing 
bacteria.  The  fixation  of  nitrogen  may  be  increased  when  Azotobacter  is 
associated  wdth  certain  other  bacteria.  Thus,  bacteria  which  act  on  cellu¬ 
lose  may  furnish  carbohydrate  material  which  Azotobacter  can  utilize  as  a 
source  of  energy  for  the  fixation  of  nitrogen.  Again,  there  may  be  a  sort 
of  symbiosis  with  an  anaerobic  form  such  as  Bacillus  amylobacter ;  Azoto¬ 
bacter  uses  up  the  oxygen  and  makes  conditions  favorable  for  the  anaerobic 
form,  and  this  in  turn  produces  organic  acids  which,  after  being  neutralized 
in  the  soil,  can  be  utilized  by  Azotobactdr.  Various  other  complexities 
occur.  In  general,  nitrogen-fixation  is  most  rapid  in  light,  well-aerated 
soils  supplied  with  enough  humus  to  furnish  a  sufficient  source  of  energy. 

Symbiotic  nitrogen-fixing  bacteria.  The  invasion  of  the  roots 
of  legumes  by  Bacillus  radicicola  (Fig.  417)  results  in  the  formation 
of  nodules  on  the  roots  (Fig.  384).  Bacillus  radicicola  multiplies 
in  these  and  fixes  atmospheric  nitrogen,  apparently  in  greater 
quantities  than  are  required  by  the  bacteria;  at  least  the  legumi- 
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nous  plants  with  bacterial  nodules  contain  more  nitrogen,  and  in 
general  are  more  flourishing,  than  the  same  kinds  of  plants  without 
nodules.  When  the  legumes  die  and  they  with  the  nodules  are  de¬ 
composed,  nitrogen  is  added  to  the  soil.  Owing  to  these  facts,  soils 
may  be  enriched  with  nitrogen  by  the  growing  of  leguminous  crops. 
For  this  reason  it  is  often  desirable  to  alternate  non-leguminous  and 


leguminous  crops,  so  that  the 
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The  bacteria  come  in  contact 
with  a  root  hair  and  form  Rmaji 

clumps,  the  part  of  the  wall  of 

Fig.  417.  Bacillus  radicicola  from 
various  plants 

After  Buchanan 

the  hair  in  contact  with  the 
bacteria  softens,  and  the  bac¬ 
teria  then  enter  the  hair.  They 
multiply  rapidly  and,  in  the 

form  of  threads  or  strands,  advance  through  cells  and  walls.  In 
older  nodules  they  become  arranged  as  slimy  masses  around  the 
vacuoles  of  the  cells. 


Bacillus  radicicola  occurs  in  several  forms,  including  normal  rods,  oval 
swarmers,  and  irregular-shaped  and  branching  vacuolated  bodies  {bac- 
teroids) .  In  young  nodules  the  rods  and  oval  forms  predominate,  while  in 
old  decomposing  nodules  there  are  mostly  extremely  vacuolated,  branched 
forms. 

Strains  of  Bacillus  tadicicola.  Some  strains  of  Bacillus  radicicola  have 
flagella  all  around  them,  while  in  others  they  are  found  only  at  one  end. 

Experiments  indicate  that  there  are  also  a  number  of  strains  which 
differ  from  each  other  physiologically  although  they  cannot  be  distin¬ 
guished  naorphologically.  Thus,  a  bacterium  isolated  from  one  leguminous 
species  will  cause  the  production  of  nodules  only  on  other  plants  of  that 
species  or  oi  that  species  and  certain  others.  As  a  number  of  such  physio¬ 
logical  strains  have  been  isolated,  it  is  apparent  that  it  is  necessary  to  use 
the  right  strain  in  order  to  produce  nodules  on  a  given  legume. 

Denitrification,  Some  bacteria  reduce  nitrates  with  the  production  of 
nitrogen  gas,  which  escapes  into  the  air.  For  this  reduction  most  of  the 
denitrifying  bacteria  utilize  organic  carbon  compounds  as  a  source  of 
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energy.  For  rapid  denitrification,  these  bacteria,  which  are  anaerobic, 
require  the  complete  or  almost  complete  absence  of  oxygen,  and  a  con¬ 
siderable  supply  of  carbohydrates  and  nitrates.  Such  conditions  are 
found  in  heavj^  soils  saturated  with  water  and  rich  in  humus. 

Decay  bacteria.  The  remains  of  plants  and  animals  do  not  de¬ 
cay  by  themselves,  but  are  destroyed  by  the  action  of  other  organ¬ 
isms  ;  and  in  this  process  bacteria  play  a  most  important  part.  We 
know  that  fruit  and  meat  decay  very  rapidly  if  no  care  is  taken  to 
prevent  this  process.  That  the  decay  is  not  due  to  anything  in¬ 
herent  in  the  substances  themselves  is  shown  by  the  process  of  can¬ 
ning,  as  when  we  sterilize  milk,  meat,  or  fruit  by  heat  and  then  seal 
them  in  cans.  The  reason  that  these  substances  do  not  decay  under 
such  conditions  is  that  by  heating  we  kill  all  the  living  organisms 
that  would  destroy  them,  while  by  sealing  we  prevent  the  access 
of  other  organisms.  Decay  can  also  be  prevented  by  the  use  of 
poisons  which  make  the  life  activities  of  organisms  impossible.  Use 
is  made  of  this  fact  in  treating  timber  with  creosote  or  other  poison¬ 
ous  substances,  the  wood  being  preserved  so  long  as  sufficient 
poison  is  present.  In  fact,  any  set  of  conditions  which  prevents  the 
growth  of  living  organisms  serves  to  preserve  organic  matter.  The 
keeping  qualities  of  foods  preserved  in  concentrated  sugar  or  salt 
are  due  to  the  high  osmotic  pressure,  which  tends  to  result  in  the 
plasmolysis  of  the  cells  of  bacteria  or  molds  which  might  cause  the 
spoilage  of  the  food. 

In  the  destruction  of  organic  matter  a  great  variety  of  organ¬ 
isms  take  part.  They  include  all  animals,  as  well  as  the  hetero- 
trophic  bacteria,  fungi,  and  other  saprophytic  and  parasitic  plants. 
That  part  of  the  destruction  which  we  usually  regard  as  decay  is 
due  largely  to  bacteria  and  fungi,  bacteria  playing  a  most  impor¬ 
tant  part. 

Importance  of  decomposition.  Decay  of  dead  organic  material 
is  very  necessary  for  the  continuance  of  life.  In  the  growth  of  green 
plants  and  of  animals,  large  quantities  of  important  chemical  ele¬ 
ments  are  stored  up  in  organic  compounds.  When  plants  or  ani¬ 
mals  die,  the  elements  in  these  organic  compounds  are  not  immedi¬ 
ately  available  to  green  plants  but  must  first  be  reduced  to  simple 
inorganic  compounds.  In  causing  the  decay  of  organic  remains  and 
thus  returning  the  elements  to  the  soil  in  a  form  in  which  they  are 
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available  to  higher  plants,  the  bacteria  perform  a  very  useful 
function.  If  it  were  not  for  the  action  of  organisms  which  cause 
decay,  it  is  reasonable  to  suppose  that  the  earth  would  be  deeply 
covered  by  the  products  of  the  life  activities  of  the  higher  organ¬ 
isms,  and  ih  these  products  would  be  stored  carbon  and  nitrogen 
necessary  for  the  growth  of  living  things. 

When  bacteria  cause  the  decay  of  substances  such  as  wood  or 
food  which  man  desires  to  preserve,  they  are  regarded  as  injurious. 
It  should  be  noted,  however,  that  in  causing  decay  the  bacteria 
perform  a  function  that  is  naturally  very  useful. 

.  Process  of  decomposition.  Decay  is  not  due  to  any  one  bac¬ 
terium  but  to  a  great  number.  The  breaking  down  of  complex 
compounds  takes  place  in  successive  stages,  and  different  types  of 
compounds  are  acted  on  by  different  series  of  bacteria.  Among  the 
most  important  of  the  series  of  decay  bacteria  are  those  which  act 
on  cellulose  and  return  the  carbon  to  the  air  in  the  form  of  carbon 
dioxide,  and  those  which  utilize  protein  and  its  decomposition 
products  with  the  ultimate  production  of  ammonia,  which  is  con¬ 
verted  by  nitrifying  bacteria  (nitrite  and  nitrate)  into  nitrates  that 
are  available  to  green  plants. 

Decomposition  of  cellulose  by  soil  bacteria.  A  short  description  of 
the  decomposition  of  cellulose  will  serve  to  give  an  idea  of  decomposition 
ia  general.  A  variety  of  different  bacteria  act  on  cellulose  in  the  soil,  the 
series  of  bacteria  varying  with  environmental  conditions.  This  decom¬ 
position  is  brought  about  by  enzymes  just  as  is  other  organic  decomposi¬ 
tion  and  digestion  in  general.  The  enzymes  are  secreted  or  excreted  by  the 
bacteria.  Under  favorable  conditions  the  cellulose  is  hydrolyzed  to  the 
disaccharide  cellobiose  by  the  enzyme  cellulase.  The  enzyme  cellobiase 
then  changes  the  cellobiose  to  glucose.  This  is  decomposed  by  a  variety 
of  organisms  to  form  various  organic  acids,  which  in  turn  are  broken  down 
to  form  carbon  dioxide  and  water. 

The  initiation  of  the  digestion  of  cellulose  in  the  alimentary  canal  of 
herbivorous  animals  is  due  to  the  activity  of  bacteria.  The  herbivorous 
animals  are  like  human  beings  in  that  in  themselves  they  cannot  digest 
ceUulose.  Enzymes  excreted  by  the  bacteria,  however,  change  the  cellu¬ 
lose  to  sugars  which  can  be  digested  by  the  animals. 

Decomposition  of  cellulose  and  the  carbon  cycle.  The  carbon 
which  plants  absorb  from  the  air  in  the  form  of  carbon  dioxide, 
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and  assimilate  through  photosynthesis,  is  stored  in  various  organic 
compounds ;  to  a  considerable  extent,  in  cellulose.  Bacteria  which 
break  down  cellulose  and  other  organic  compounds  with  the  pro¬ 
duction  of  carbon  dioxide  return  some  carbon  to  the  air.  The 
pla^  and  the  bacteria  produce  what  we  may  think  of  as  a  carbon 
cycle,  the  plants  building  up  the  carbon  into  complex  compounds, 
and  the  bacteria  returning  it  again  to  the  atmosphere  in  the  form 
of  carbon  dioxide.  The  bacteria  are,  of  course,  not  the  only  agents 
which  return  carbon  to  the  atmosphere.  Green  plants  themselves 
through  respiration  do  so.  All  animals  and  all  parasitic  and  sap¬ 
rophytic  plants  do  the  same.  Carbon  dioxide  is  also  produced  by 
the  burning  of  organic  compounds.  Thus,  in  the  carbon  cycle,  the 
carbon  which  is  assimilated  by  green  plants  may  be  returned  to  the 
atmosphere  by  various  agents.  The  atom  of  carbon  may  easily 
take  part  in  the  metabolism  of  various  organisms  before  it  finally 
reaches  the  air  again,  as  it  may  pass  from  plants  through  various 
animals  and  finally  be  made  into  carbon  dioxide  by  bacteria. 

Decomposition  of  proteins  and  the  nitrogen  cycle.  There  are 
many  proteins,  and  they  are  decomposed  by  a  large  number  of 
bacteria,  some  of  which  act  on  the  proteins  while  others  only  utilize 
the  decomposition  products.  The  ultimate  result  is  the  production 
of  ammonia,  which  is  converted  first  to  nitrites  and  then  to  nitrates 
by  the  nitrifying  bacteria.  The  nitrogen  is  then  in  its  most  suitable 
form  for  use  by  green  plants,  by  which  it  is  employed  in  the  syn¬ 
thesis  of  proteins.  The  nitrogen  of  organic  matter  thus  goes 
through  a  cycle  which,  expressed  in  very  simple  terms  and  without 
complications,  is  from  nitrates  to  proteins  in  green  plants,  to  am¬ 
monia  through  decomposition  of  protein,  and  back  to  nitrates 
through  the  activity  of  the  nitrifying  bacteria.  There  are,  as  we 
have  seen,  various  complications  in  this  cycle.  Some  nitrogen  is 
lost  to  the  atmosphere  in  the  breaking  down  of  proteins  and  some 
through  the  activities  of  denitrifying  bacteria,  while  nitrogen  enters 
the  cycle  by  the  work  of  nitrogen-fixing  bacteria.  As  the  proteins 
of  green  plants  may  be  reworked  by  animals  and  other  organisms  a 
number  of  times,  any  atom  of  nitrogen  may  be  present  in  the  pro¬ 
tein  of  many  different  organisms  before  it  forms  a  part  of  a  simple 
decomposition  product. 
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BACTERIA  AND  DISEASE 

Pathogenic  bacteria.  Many  bacteria  live  within  the  body  of  an 
animal  (that  is,  in  the  cavities  opening  to  the  exterior  and  on  the 
mucous  membranes)  without  usually  doing  visible  harm. 
special  conditions,  as  when  the  resistance  of  the  host  is  lowered, 
some  of  them  may  become  pathogenic.  There  are,  however,  nii- 
merous  bacteria  which  are  very  pathogenic  for  a  particular  host  or 
group  of  hosts  and  which  are  extremely  important  as  causal  agents 
of  infectious  and  contagious  diseases.  The  influence  of  bacteria  in 
causing  human  disease  is  so  well  known  that  many  people  think 
of  bacteria  in  this  connection  only,  and  neglect  the,  fact,  if  they 
ever  knew  it,  that  bacteria  as  a  class  are  much  more  beneficial  than 
harmful. 

Causes  of  diseases.  Some  infectious  diseases,  as  malaria,  may 
be  due  to  small  animals ;  others,  as  smallpox,  are  caused  by  filter¬ 
able  viruses,  which  are  bodies  so  small  that  they  cannot  be  seen 
with  a  microscope  and  will  pass  through  the  finest  filter ;  still 
others  are  produced  by  fungi.  However,  the  majority  of  commu¬ 
nicable  human  diseases  are  the  result  of  bacterial  action.  These 
include  such  well-known  scourges  as  tuberculosis,  leprosy,  plague, 
cholera,  typhoid  fever,  pneumonia,  diphtheria,  tetanus,  anthrax, 
dysentery,  and  meningitis.  Bacteria  are  also  responsible  for  many 
diseases  of  animals.  Plant  diseases  are  more  largely  due  to  fungi, 
but  many  are  bacterial. 

Infectivity  of  bacteria.  Most  of  the  highly  pathogenic  bacteria 
naturally  infect  only  one  host  or  a  group  of  more  or  less  closely 
related  hosts.  It  is,  however,  often  possible  to  infect  an  animal 
artificially  with  bacteria  which  do  not  naturally  attack  it.  Patho¬ 
genic  bacteria  ordinarily  live  as  parasites,  but  most  of  them  can 
live  saprophytically,  as  is  evident  by  the  ease  with  which  they  can 
be  grown  in  test  tubes  on  artificial  culture  media.  In  some  cases  it 
has  not  been  possible  to  grow  bacteria  thus,  but  this  may  only 
mean  that  the  proper  conditions  for  such  growth  have  not  been 
found. 

The  leprosy  bacillus  is  a  good  example  of  a  bacillus  confined  to  one 
host.  This  bacillus  occurs  naturally  only  in  man.  The  only  artificial  in¬ 
fections  in  animals  were  produced  in  monkeys  with  difficulty,  and  healed 
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without  treatment.  There  have  been  claims  that  the  bacillus  has  been 
grown  on  artificial  media,  but  there  is  no  proof  that  it  can  be  thus  grown 
continuously. 

Immunity.  A  plant  or  an  animal  which  does  not  take  or  cannot 
be  given  a  disease  is  said  to  be  immune  to  that  disease.  Organ¬ 
isms  w'hich  produce  plant  diseases  do  not  grow  on  animals;  so 
animals  are  immune  to  such  organisms  and  the  diseases  which  they 
produce.  Similarly,  man  is  immune  to  most  animal  diseases.  Im¬ 
munity  may  be  due  to  various  factors,  some  of  w^hich  are  relatively 
simple.  It  is  not  surprising  that  bacteria  may  be  pathogenic  for 
warm-blooded  animals  and  not  for  cold-blooded  ones,  abd  vice 
versa.  Tetanus  does  not  affect  frogs  under  ordinary  conditions, 
but  may  do  so  if  the  temperature  is  raised  artificially.  The  acidity 
in  the  dog’s  stomach  is  high  enough  to  kill  the  bacteria  that  cause 
intestinal  diseases  in  man.  The  above  examples  show  that  patho¬ 
genic  bacteria  require  suitable  conditions  for  growth. 

The  portal  of  entry  of  bacteria  into  the  body  is  important  from  the 
standpoint  of  the  production  of  disease.  The  tetanus  bacillus  is  found  in 
the  intestinal  tracts  of  a  considerable  proportion  of  men,  and  is  still  more 
prevalent  in  the  intestines  of  horses  and  cattle,  which  seem  to  be  its  normal 
habitat.  However,  it  may  produce  fatal  infection  if  introduced  into  deep 
wounds  of  either  men,  horses,  or  cattle.  Conversely,  the  typhoid  bacillus, 
which  is  often  fatal  in  the  intestinal  tract  of  man,  produces  only  a  slight 
and  largely  local  reaction  if  injected  subcutaneously. 

Not  only  is  man  immune  to  most  of  the  bacterial  diseases  of 
animals,  but  an  individual  may  have  more  or  less  natural  or  ac¬ 
quired  immunity  to  a  given  human  disease.  At  times  this  immunity 
is  sufficient  to  resist  a  slight  but  not  a  heavy  infection.  The  relative 
immunity  of  an  individual  to  an  organism  pathogenic  for  the  race 
is  a  very  complicated  subject.  Moreover,  it  is  largely  a  question  of 
the  reaction  of  the  animal  body.  A  lengthy  discussion  would  there¬ 
fore  be  out  of  place  in  a  textbook  of  botany,  and  so  only  a  very  short 
account  will  be  given. 

The  destruction  of  bacteria  in  the  body  seems  to  be  due  largely 
either  to  the  action  of  the  cells  (chiefly  white  blood  cells)  which  in¬ 
gest  and  destroy  the  bacteria  (phagocytosis)  or  to  the  bactericidal 
action  of  the  body  fluids,  most  often  the  fluid  part  of  the  blood. 
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This  bactericidal  actioii  is  due  to  substances  known  as  antibodies, 
which  may  be  naturally  or  artificially  acquired.  The  term  antibody 
is  a  very  inclusive  one  and  embraces  a  variety  of  different  sub¬ 
stances,  It  is  used  for  convenience  rather  than  for  exactness. 

Acquired  immunity.  It  is  well  known  that  when  a  person  has 
recovered  from  any  one  of  a  number  of  infectious  diseases,  he  has 
acquired  an  immunity  to  that  disease.  The  immunity  is  due  to  the 
production  by  the  body  of  antibodies  which  react  against  the  causal 
agent  of  the  disease  or  neutralize  its  toxin.  The  amount  of  anti¬ 
bodies  produced  depends  on  the  inciting  stimulants  of  bacterial 
cells  or  toxins  and  on  the  body  response.  The  antibodies  remain 
for  a  short  or  a  long  time  in  the  body,  thus  giving  a  temporary  or  a 
permanent  immunity.  Antibodies  can  be  artificially  produced  by 
the  injection  into  the  body  of  dead  bacteria  or  their  toxic  products, 
a  process  which  is  used  extensively  in  vaccinating  against  bacterial 
diseases  such  as  typhoid  fever  and  cholera. 

A  few  bacteria,  such  as  the  diphtheria  and  tetanus  bacilli,  pro¬ 
duce  violent  specific  poisons  (toxins)  in  the  media  in  which  they 
grow.  When  these  toxins  are  injected  in  increasing  doses  into  the 
body  of  an  animal,  the  tissues  are  stimulated  to  produce  antibodies, 
known  as  antitoxins,  which  can  neutralize  the  toxins  which  led  to 
their  production.  Antitoxins  produced  in  one  animal  can  be  in¬ 
jected  into  another  to  neutralize  toxins  in  the  second,  as  when 
diphtheria  antitoxin  from  the  blood  serum  of  a  horse  that  has  been 
immunized  with  diphtheria  toxin  is  used  to  cure  diphtheria  in  a 
human  being. 


BACTERIA  IN  INDUSTRY 

Bacteria  are  very  important  industrially  beca^^  of  their 
destruction  of  food  and  other  products  and  the  trouble  which  is 
necessary  to  prevent  damage  by  them.  But  some  are  of  value  in 
various  industries  because  of  chemical  changes  which  they  produce. 

Since  the  days  of  ancient  Egypt,  bacteria  have  been  employed, 
even  though  unconsciously,  in  the  retting  of  flax,  the  fiber  from 
which  linen  is  made.  The  flax  fiber  is  the  bast  fiber  in  the  bark. 
In  retting,  the  plants  are  either  immersed  in  water  or  exposed  to 
dew  and  rain,  when  bacterial  fermentation  loosens  the  bark  from 
the  wood,  and  the  fiber  from  surrounding  tissue. 
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Alcohol  results  from  the  fermentation  of  sugar  by  the  yeast 
fungus.  Acetic-acid  bacteria,  of  which  there  are  a  number  of  dif¬ 
ferent  species,  ferment  alcohol  with  the  production  of  acetic  acid. 
The  result  is  vinegar,  which  is  essentially  a  solution  of  acetic  acid 
plus  aromatic  and  flavoring  substances.  Natural  vinegar  is  made 
from  wine,  apple  cider,  and  various  other  materials.  Synthetic 
vinegar  is  prepared  by  diluting  chemically  manufactured  acetic 
acid,  often  with  the  addition  of  coloring  material. 

Sauerkraut  is  the  result  of  bacterial  fermentation  of  cabbage. 
The  cabbage  is  sliced  and  packed  in  alternate  layers  with  salt. 
This  results  in  the  withdrawal  of  water  from  the  cabbage.  The 
fermentation  of  the  juice  produces  acids,  largely  lactic  acid,  which 
prevents  the  development  of  putref3dng  bacteria.  Oxygen  is  ex¬ 
cluded  to  prevent  the  growth  of  molds  and  other  organisms  which 
might  destroy  the  acids. 

The  preservation  of  silage  is  due  to  a  lactic-acid  fermentation 
by  bacteria,  similar  to  that  in  the  case  of  sauerkraut. 

Souring  of  milk  is  caused  by  various  lactic-acid  bacteria.  The 
sour  taste  of  buttermilk  is  due  to  lactic  acid.  Much  so-called 
buttermilk  is  now  made  by  adding  bacteria  to  milk.  In  the  manu¬ 
facture  of  butter  bacteria  play  a  prominent  part,  because  in  the 
ripening  of  the  cream  they  have  great  influence  on  the  flavor.  In 
much  modern  practice,  desirable  lactic-acid  bacteria  are  added  to 
the  cream  to  produce  a  uniform  good  flavor.  The  characteristics 
of  a  number  of  important  types  of  cheese  are  connected  with 
bacterial  action. 


RELATIONSHIP  OF  BACTERIA 

Bacteria  are  simple  organisms.  The  question  of  the  place  of 
bacteria  in  the  plant  kingdom  is  most  interesting.  When  an  or¬ 
ganism  has  a  simple  structure,  it  is  necessary  to  inquire  whether 
the  simplicity  is  due  to  primitiveness  or  whether  it  has  resulted 
from  the  simplification  of  a  more  complex  structure.  There  are 
reasons  for  thinking  that  bacteria  are  very  ancient  and  primitive. 

No  fossils  are  definitely  recognized  from  the  oldest  geological 
era,  the  Archeozoic,  but  immense  graphite  deposits  indicate  the 
presence  of  organisms,  the  remains  of  which  were  decomposed  by 
the  action  of  bacteria.  While  there  is  little  evidence  as  to  the  exact 
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nature  of  these  organisms,  they  must  have  been  very  primitive. 
Also  the  presence  of  bacteria  in  this  era  is  inferred  from  the  occur¬ 
rence  of  iron  ore  and  limestone  believed  to  have  been  formed  by 
bacterial  action.  There  are  reasons  to  believe  that  in  Proterozoic 
times  bacteria  were  present  and  widespread.  Bacteria  resembling 
living  iron  bacteria  have  been  found  in  connection  with  iron  ores 
of  this  era. 

Bacteria  are  ancient.  Geological  evidence  thus  indicates  that 
bacteria  are  as  ancient  as  any  other  known  plants,  if  not  more  so. 
Of  course  there  may  have  been  more  primitive  and  ancient  organ¬ 
isms  of  which  we  have  no  knowledge.  The  visible  structure  of 
bacteria  is  the  most  primitive  of  which  we  know,  and  this  is  what 
might  be  expected  in  an  ancient  and  primitively  simple  group.  It  is 
only  among  the  bacteria  that  we  find  methods  of  nutrition  that 
could  have  enabled  an  organism  to  live  on  inorganic  materials 
before  the  evolution  of  chlorophyll  and  photosynthesis.  The  nutri¬ 
tion  of  most  groups  of  plants  is  comparatively  uniform,  but  among 
bacteria  there  is  great  diversity.  This  indicates  an  ancient  stock, 
as  this  diversity  must  have  necessitated  a  long  evolutionary  his¬ 
tory.  Also,  considering  the  simplicity  and  small  size  of  the  bac¬ 
teria,  there  is  great  variety  in  form  of  both  individuals  and  colonies. 

Advantage  of  small  size.  The  small  size  of  bacteria  affords  a 
very  evident  advantage ;  for  the  smaller  the  size  of  a  cell,  the 
greater,  in  comparison  with  the  bulk  of  the  cell,  is  the  surface  avail¬ 
able  for  the  exchange  of  materials  with  the  outside.  The  bacteria 
have  retained  the  advantage  afforded  by  small  size,  but  have  de¬ 
veloped  along  many  diversified  lines.  This  tendency  toward 
development  in  various  directions  is  characteristic  of  all  great 
groups  of  living  organisms. 

Some  bacteria  of  recent  origin.  While  the  bacteria  as  a  group 
appear  to  be  very  primitive,  it  does  not  follow  that  all  individual 
species  are  ancient.  Indeed,  those  that  naturally  live  only  in  the 
human  body  would  appear  to  be  of  relatively  recent  origin,  as 
they  have  physiological  properties  which  they  could  hardly  have 
acquired  before  the  advent  of  man  or  of  animals  rather  closely 
related  to  him. 


CHAPTER  XVin 

SCHIZOPHYTA 

CYANOPHYCEAE:  BLUE-GREEN  ALGAE 

General  ciaracteristics.  The  blue-green  algae  belong  mtb  tbe 
bacteria  in  the  diyision  or  subdivision  Schizophyta.  They  resemble 
the  bacteria  in  their  method  of  cell  division  and  in  the  absence  of 
sexual  reproduction.  They  are  a  most  interesting  group  because 
they  are  the  simplest  plants  with  chlorophyll  and  they  have  a  cen¬ 
tral  body  or  incipient  nucleus  which  may  be  regarded  as  being  in¬ 
termediate  in  structure  between  the  nuclei  of  higher  plants  and 
the  granules  staining  like  chromatin  which  are  found  in  the  bac¬ 
teria.  They  consist  of  single  cells,  filaments  (rows  of  cells),  or 
colonies  in  which  either  individual  cells  or  filaments  are  held  to¬ 
gether  in  platinous  masses  (Figs.  418-421).  Reproduction  is 
always,  as  m  the  bacteria,  asexual,  and  is  most  usually  due  to  cell 
division  or  the  fragmentation  of  colonies  or  filaments.  The  popular 
name  blue-green  algae refers  to  the  characteristic  blue-green 
color  of  the  great  majority  of  these  plants.  The  color  is  due  to  a 
combination  of  the  green  pigment  chlorophyll  and  a  blue  pigment, 
phycocyanin.  They  also  contain  the  yellow  pigments  which  are 
associated  with  chlorophyll,  while  a  red  pigment  is  found  in  many 
of  them.  In  some  members  of  the  class  various  combinations  of 
these  pigments  give  them  colors  which  are  very  different  from  the 
typical  blue-green.  Thus  the  Red  Sea  has  been  said  to  have  got  its 
name  from  a  floating  red  one  which  is  -occasionally  present  in  such 
quantities  as  to  impart  its  color  to  the  water.  The  blue-green  algae 
do  not  have  plastids ;  the  pigment  is  diffused  in  the  protoplasm, 
usually  in  the  peripheral  portion  of  the  cell.  The  absence  of  plas¬ 
tids  and  the  diffused  blue-green  color  serve  to  distinguish  the  blue- 
green  algae  from  other  plants  when  viewed  under  a  microscope. 
With  the  unaided  eye  they  can  usually  be  recognized  by  the  com¬ 
bination  of  their  blue-green  color  and  slimy  appearance. 
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The  gelatinous  material  so  characteristic  of  most  blue-green  algae  is 
derived  from  the  swelling  of  the  outer  parts  of  the  cell  walls.  Often  the 
gelatinous  covering  of  the  cells  appears  to  be  in  layers,  which,  in  some 

colonial  forms,  makefe  it  possible 


to  identify  the  sheaths  of  succes¬ 
sive  ceU  generations  (Fig.  419).  In 
other  cases  there  is  no  such  distinc¬ 
tion  and  the  cells-  appear  to  be 
distributed  in  a  continuous  trans¬ 
parent  gelatinous  mass  (Fig.  423). 
In  many  filamentous  forms  the 
gelatinous  material  forms  a  con¬ 
spicuous  sheath  (Fig.  422).  In 
other  cases  the  sheaths  of  different 
filaments  are  confluent,  so  that 
many  filaments  appear  to  be  em¬ 
bedded  in  a  homogeneous  matrix. 
The  gelatinous  material  consists 
largely  of  pectic  compounds,  but 
cellulose  may  be  present.  In  some 
forms  the  sheath  is  only  slightly 
developed  or  absent. 


Fig.  418.  Forms  of  blue-green  algae 

A,  Bivularia;  B,  Aphamthece;  C,  Me- 
rismopedia ;  D,  OsdUatoria 


Fig.  419.  Gloeocapsa 

A  single-celled  individual  and  colo¬ 
nies  of  two,  three,  and  four  cells. 
(X  1285) 


Form  of  colonies.  In  most  colonial  forms  the  cells  divide  in  three 
planes  and  are  scattered  irregularly  in  the  inatrix.  Such  colonies  are  usu¬ 
ally  without  special  shape.  In  a  few  genera  the  cells  have  a  regular  ar- 
mngement  in  a  definitely  shaped  colony.  In  M&risTnopedia  the  cells  divide 
in  only  two  planes,  and  as  a  result  the  colony  is  a  rectangular  plate  (Fig. 
.418).  In  some  other  cases  division  in  only  two  planes  leads  to  the  produc* 
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tion  of  hc^low  spherical  colonies  in  which  the  cells  form  a  single  layer  near 
mucilaginous  matrix  that  holds  the  colony  together 
(rig.  423).  Other  interesting  forms  are  shown  in  Figs.  424-427. 

Cell  stmcture.  The  cells  of  the  blue- 
green  algae  are  characterized  by  having 
a  colorless  central  portion,  the  so-called 
central  body,  surrounded  by  an  exterior 
portion  in  which  the  pigment  is  diffused. 
The  central  body  seems  to  represent  an 
incipient  nucleus.  However,  it  is  not 
separated  from  the  rest  of  the  cell  by 
a  membrane;  it  has 
no  nucleolus ;  it  does 
not  divide  mitotically, 
at  least  not  by  such  a 
complicated  and  clear- 
cut  process  as  in  higher 
plants ;  and  its  struc¬ 
ture,  while  showing 
a  good  deal  of  varia¬ 
tion,  is  always  much 
more  primitive  than 
that  of  an  ordinary 
nucleus.  In  forms  which  show  what  may  be 
regarded  as  the  most  primitive  condition,  there 
appears  to  be  no  distinction  between  the  pro¬ 
toplasm  of  the  external  and  central  portions  of 
the  cell  except  that  granules  which  seem  to  be 
chromatin  are  scattered  in  the  central  region. 

In  the  more  specialized  forms  there  is  a  very 
clear  differentiation  between  the  central  body 
or  incipient  nucleus  and  the  surrounding  pro¬ 
toplasm,  even  though  there  is  no  separating  Fig.  421.  A  filament 
membrane  (Figs.  428-430).  In  such  cases  the  a  blu^ 

central  body  may  show  a  chromatin  reticulum  ^  ^ 

which  is  very  suggestive  of  that  of  the  nucleus  of  higher  plants. 

The  division  of  the  protoplasm  is  generally  accomplished  by  the 
growth  of  a  wall  which  starts  as  a  ring  formed  on  the  wall  of  the 


Fig.  420.  Two  species  of 
Nostoc,  each  embedded  in  a 
gelatinous  matrix 
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mother  cell  and  grows  inward  (Fig.  428).  In  some  cases  the  chro¬ 
matin  material  divides  ahead  of  the  ingrowth  of  the  waU  (Figs. 


Fig.  422.  Rivularia  mammillata 


After  Setchell 

429,  430) ;  in  others  it  appears  as  though  it  were  divided  by  the 

When  the  cells  of  the  blue-green  algae  are 
viewed  under  the  microscope  they  often  show 
granules  or  globules.  Those  in  the  outer  region 
are  known  as  cyanophycin  granules,  while  those 
in  the  incipient  nucleus  are  designated  slime 
globules.  Both  seem  to  be  albuminous  reserve 
material. 

Sugar  and  glycogen,  often  called  animal 
starch,  are  found  in  the  cells.  The  glycogen, 
which  is  commonly  present  in  animal  tissue  but 
rare  in  plants,  appears  to  take  the  place  of 
starch,  which  is  not  found  in  the  blue-green 
algae.  Frequently  oil  globules  occur  in  the  cells. 

In  those  species  of  blue-green  algae  in 
which  the  plant  consists  of  an  individual 
cell  or  a  colony  of  cells  held  together  by 
mucilaginous  material  all  the  cells  are  alike. 
In  many  filamentous  forms  all  cells  are  alike  except  that  the  end 
cell  is  convex  on  the  side  where  it  is  not  pressed  by  a  neighboring 


growth  of  the  wall. 


Fig.  423.  Coelastrum,  a 
colonial  Hue-green  alga 
in  which  cells  are  ar¬ 
ranged  in  the  form  of 
a  hollow  sphere  em¬ 
bedded  in  a  gelatinous 
matrix.  (  X  400) 


Fig.  424.  Eucapsis  alpina,  a  blue-green  alga  which  divides  in  two  planes  and 
forms  cubical  colonies  embedded  in  a  gelatinous  matrix 

After  Clements  and  Shantz 


Fig.  425.  T etrapedia  gothica 

A  single  cell  and  its  development  into  a  plate 
of  sixteen  cells,  (x  625).  After  Reinsch 


Fig.  426.  T etrapedia  emarginata 

Four-celled  and  sixteen-celled 
colonies.  (After  Schroder) 


cell.  In  one  group  of  filamentous  blue- 
green  algae  the  cells  of  a  filament  taper 
markedly  toward  one  (Fig.  422)  or 
both  ends.  In  the  majority  of  fila¬ 
mentous  genera  there  are  special  cells 
known  as  heterocysts  (Figs.  431,  432) 
which  occur  either  in  or  at  the  ends 
of  the  filaments.  These  are  usually 
enlarged  cells  with  thickened  walls. 

Heterocysts  develop  from  ordinary  cells, 
and  generally  lose  their  pigment  and  be¬ 
come  yellowish  as  the  cell  wall  thickens. 
For  a  considerable  time  they  are  connected 
with  the  adjoining  cells  by  pores  which 
extend  through  conspicuous  thickenings 
at  the  ends  of  the  cells.  When  the  heter- 


Fig.  427.  Three  peculiar  types 
of  blue-green  algae 

At  top,  T etrapedia  crux- 
michaeli;  lower  left,  Tetrct- 
pediareinschiana;  lower  right, 
Tetrapedia  setigera.  (After 
Ascher) 


Fic.  430.  Synechocystis  aquatilis 
A  resting  cell  and  several  stages  of  division.  (After  Gardner) 
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ocysts  are  terminal  there  is  no  thickening  or  pore  at  the  free  end.  Finally 
the  protoplasmic  contents  degenerate  and  vanish. 

Branching.  Some  of  the  filamentous  blue-green  algae  do  not  branch, 
others  have  true  branches  which  are  lateral  outgrowths  of  the  filament, 
while  still  others  are  characterized  by  "false”  branching.  In  forms  with 
true  branching  the  filament  often  consists  of  more  than  a  single  row  of 
cells.  In  false  branching  the  filament  becomes  ruptured  and  either  one  or 


both  of  the  ends  thus  formed  push 
433,  434).  In  forms  with  single 
"false”  branches  there  is  often  a 
heterocyst  just  above  the  point 
where  the  branching  occurs.  When 
there  are  paired  branches,  hetero¬ 
cysts  are  not  found  at  the  point  of 
rupture. 

Reprcwitictioii.  Unicellular 
blue-green  algae  multiply  only 
by  cell  division.  This  is  the 
simplest  method  of  reproduc¬ 
tion  known  and  shows  no 
advance  over  that  of  the  bac¬ 
teria.  The  general  method  in 
colonial  forms  is  the  division 
of  cells  to  form  colonies  and 
the  fragmentation  of  these  into 
smaller  colonies  after  they  have 
attained  some  size. 


out  of  the  side  of  the  sheath  (Figs. 


A  filament  with  three  heterocysts  (the 
large  rounded  cells  which  appear  empty) 
and  seven  resting  spores  (the  large  cells 
near  the  center  of  the  filament) 


Reproduction  in  filamentous  forms  is  due  mostly  to  the  division 
of  filaments  to  form  short  lengths  called  hormogonia.  In  some 
forms  heterocysts  occur  at  the  points  of  rupture.  However,  in 
forms  both  with  and  without  heterocysts,  the  formation  of  hor¬ 
mogonia  may  be  independent  of  heterocysts.  In  some  cases  frag¬ 
mentation  is  due  to  the  secretion  at  intervals  in  the  filament  of  a 
substance  between  adjacent  cells.  This  forms  biconcave  separation 
discs  which  are  at  first  green  but  may  become  colorless.  In  other 
cases  the  formation  of  hormogonia  results  from  the  dying  of  a  cell 
which  is  first  compressed  by  neighboring  cells  and  then  disinte¬ 
grates  (Fig.  435). 

Some  of  the  filamentous  forms  reproduce  by  means  of  resting 


398 


The  Plant  Kingdom 

spores.  These  are  formed  from  ordinary  vegetative  cells  which, 
usually  enlarging,  become  densely  filled  with  food  material  and- 
have  their  contents  surrounded  by  two  distinct  cell  membranes 
(Fig.  431).  These  resting  spores  may  remain  dormant  for  a  long 
time  and  are  resistant  to  unfavorable  conditions.  They  thus  serve 
not  only  for  reproduction  but  also  for  continued  existence  under 
adverse  conditions  which  might  be  fatal  to 
vegetative  cells.  When  the  pore  germi¬ 
nates,  the  spore  membranes  become  rup¬ 
tured  and  the  contents  divide  to  form  a 
filament  of  cells  (Figs.  436,  437). 

The  division  of  the  protoplast  may  start 
either  before  or  after  the  rupture  of  the  spore 
covering.  This  rupture  may  be  due  either  to  a 
dissolution  of  a  small  part  of  the  membrane  or 
to  its  separation.  Among  the  solitary  and  colo¬ 
nial  forms  resting  spores  are  known  only  in  one 
genus,  Gloeocapsa. 

Reproduction  by  gonidia  is  characteristic  of 
the  small  and  relatively  unimportant  order 
Chamaesiphonales.  The  plants  of  this  order  are 
always  attached  to  some  object,  and  consist 
of  either  single  cells  or  a  cushion  formed  of 
creeping,  attaching  filaments  with  upright 
branches.  The  inner  part  of  the  cushion  may 
become  gelatinous  so  that  its  filamentous 
nature  is  obscure.  The  contents  of  large  ter¬ 
minal  cells  divide  to  form  numerous  small  rounded  reproductive  cells,  the 
gorddia  (Figs.  438, 439).  In  these  plants  there  is  a  differentiation  between 
cells  which  remain  permanently  vegetative  and  others  which  become 
reproductive.  Gonidia  formed  singly  in  vegetative  ceUs  have  been  re¬ 
ported  in  a  few  of  the  more  usual  filamentous  types. 

Movement.  All  hormogonia  have  a  slow  motion,  some  in  a 
straight  line,  others  in  a  spiral.  This  movement  may  carry  them 
away  from  the  site  of  their  formation.  Some  mature  filaments  have 
a  similar  movement.  This  is  very  marked  in  Oscillatoria  (Fig.  418), 
the  name  of  which  refers  to  its  oscillations.  The  filaments  glide 
forward  and  backward  and  rotate  while  the  tips  swing  to  one  side 
or  the  other.  Spirulina  (Fig.  421)  moves  through  the  water  with  a 


Fic.  434.  Scytonema  showing  false  branching 


water,  and  sometimes  occur  in  sucii  quantities  as  to  produce  a  dis¬ 
tinct  color,  the  so-called  .''waterbloom,”  The  Cyanophyceae  m&y 
have  an  unpleasant  odor,  and  when  they  occur  in  water  in  great 
quantities,  their  death  and  decay  frequently  gives  the  water  a  very 
disagreeable  odor  and  taste.  In  this  way  they  may  become  a  great 
nuisance  in  water  supplies  or  to  people  living  along  bodies  of  water 
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in  which  they  are  too  plentiful.  They  may  be  responsible  for  the 
death  of  fish  or  even  cattle.  Some  blue-green  algae  can  withstand 

higher  temperatures  than 
other  algae  and  are  abun¬ 
dant  in  hot  springs.  A 
lichen  is  a  combination  of 
a  fungus  and  an  alga ;  blue- 
green  algae  frequently  fur¬ 
nish  the  algal  component. 

Representative  forms. 
Gloeocapsa  (Fig*.  4jL9)  is  a 
very  common  blue-green 
alga  that  occurs  as  single 
cells  or  groups  of  two  to 
eight  or  more  rounded  cells 
held  together  by  the  gelath 

vision  of  a  filament  by  death  of  a  cell  nOUS  cell  Walls.  Each  cell 

has  its  own  sheath,  and 
two  cells  may .  be  held  together  by  the  sheath  of  the  mother 
cell.  Likewise  the  sheaths  of  two  such  mother  cells  may  be  sur¬ 
rounded  by  the  sheath  of  the  grandmother  cell.  It  is  in  this 
way  that  the  groups  are  formed.  Reproduction  is  by  cell  division. 

In  Merismopedia  (Fig.  418), 
as  in  Gloeocapsa,  the  cells  are 
held  together  by  a  gelatinous 
matrix.  However,  division  of 
the  cells  takes  place  alternately 
in  two  planes  perpendicular  to 
each  other,  so  that  the  colony 
takes  the  form  of  a  flat  plate.  A  resting  , pore  of 

Reproduction  is  by  cell  division  and  stages  in  its  germination.  (  X  330) 
and  the  fragmentation  of  the  After  Thuret 

colony. 

Oscillaioria  (Fig,  418)  can  be  recognized  as  a  naked  filament 
composed  of  flattened  cells  and  with  a  very  characteristic  oscillat¬ 
ing  movement.  Reproduction  is  usually  by  the  formation  of 
hormogonia  due  to  the  occurrence  of  dead  cells  or  separation  discs. 
No  heterocysts  are  known. 
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Nostoc  (Ings.  420,  431)  is  char 
twisted  filaments  of  more  or  less  rounded  cells, 
conspicuous  round  heterocysts,  and  the  frequent 
occurrence  of  rows  of  large  resting  spores.  The 
sheaths  of  the  individual  filaments  are  distinct 
(Fig.  420)  in  some  cases,  while  in  others  they 
are  so  coalesced  and  transparent  as  to  be  in¬ 
visible  (Fig.  420). 

Blue-green  algae  are  primitive.  The  appar¬ 
ently  simple  structure  of  the  ceil  of  the  Cyano- 
yhyceae  and  the  absence  of  a  sexuj 
reproduction  indicate  that  they  are  very  primi¬ 
tive  forms  of  plants.  The  bacteria,  which  lack 
chlorophyll,  are  the  only  other  plants  that  do 
not  have  definite  nuclei,  while  the  Cyanophyceae 
are  the  only  plants  with  chlorophyll  that  do 
not  have  chloroplasts.  For  these  reasons  the 
Cyanophyceae  are  regarded  as  the  most  primi¬ 
tive  chlorophyll-bearing  plants. 


Fig.  437.  A  spore 
of  Calothrix  fusca 
whicb  has  germi¬ 
nated  to  produce 
a  filament  while 
still  attached  in 
the  filament  in 
which  it  is  formed 

After  Teodoresco 
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There  are  reasons  to  believe  that  in  Proterozoic  times  blue- 
green  algae  (Cyanophyceae)  were  present  and  widespread.  Per¬ 
haps  some  of  the  blue-green  algae  were  similar  to  living  forms. 
The  blue-green  algae  are  such  small  and  soft  organisms  that  we 
should  not,  offhand,  expect  them  to  be  readily  fossilized.  It  is 
not  surprising,  therefore,  to  find  that  while  there  is  evidence  of 
this  great  antiquity,  this  evidence  is  rather  circumstantial. 

Certain  massive  deposits  of  the  Proterozoic  era  are  regarded  by  eminent 
authorities  as  being  due  to  blue-green  algae.  The  algae  would  not  have 

had  to  compete  with  higher 
plants,  and  there  is  little  evi¬ 
dence  of  animals  that  ate 
them.  Under  these  circum¬ 
stances  they  would  have  had 
a  much  better  chance  to 
develop  than  at  present. 
Both  their  presence  and 
their  abundance  are  inferred 
from  the  material  believed 
to  have  been  deposited  around 
them,  rather  than  from  actual 
remains.  At  the  present  time 
''water  biscuits,”  similar  to 
the  ancient  deposits,  are 
formed  around  blue-green  al¬ 
gae  by  the  deposition  of  cal¬ 
cium  carbonate  around  the 
masses  of  algae  and  in  the 
interstices  within  them  (Fig. 
440).  It  would  seem  that  in 
Proterozoic  times  this  same 
process  built  up  deposits  of 
limestone,  and  that  the  masses  of  blue-green  algae  were  buried  by  an  influx 
of  ooze  or  mud  that  filled  up  the  cavities  and  channels  in  the  algal  growth. 
The  cavities  in  the  deposits  are  interpreted  as  places  formerly  occupied 
by  algae  which  have  since  disappeared.  As  various  blue-green  algae  have 
different  methods  of  growth,  they  would  leave  different  and  characteristic 
fossil  impressions.  Matty  such  impressions  have  been  described  (Figs.  441- 
443).  Microscopic  examination  of  these  deposits  reveals  what  appear  to 
be  single  cells,  groups  of  cells,  and  chains  of  cells  similar  in  shape  to  those 
of  modern  blue-green  algae. 


Fig.  439.  Dermocarpa  fiicicola 

Growth  of  individual  and  formation  of  go- 
nidia  as  seen  in  section.  (After  Gardner) 
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Relationship  of  blue-green  algae.  It 
seems  reasonable  to  suppose  that  the  most 
primitive  ancestors  of  the  higher  plants 
lacked  a  definite  nucleus,  and  also  that 
they  did  not  have  a  method  of  sexual  re¬ 
production.  Moreover,  it  would  seem 
highly  probable  that  the  first  plant  that 
possessed  chlorophyll  did  not  have  definite 
chloroplasts.  It  appears,  therefore,  that  the 
Cyanophyceae  possess  many  features  that 
must  have  been  characteristic  of  some  of 
the  primitive  ancestors  of  the  higher  plants. 

Their  primitive  characteristics  are  in  keep¬ 
ing  with  their  apparent  great  antiquity. 

While  there  is  no  evidence  that  the  Cyano¬ 
phyceae  themselves  gave  rise  to  the  higher 
plants,  it  does  seem  probable  that  they  and 
the  higher  plants  had  at  least  a  common 
ancestor,  and  that  in  many  respects  the 
Cyanophyceae  resemble  this  common  ances¬ 
tor  very  much  more  than  higher  plants  do. 

The  only  close  relationship  of  the  Cyanophyceae  is  to  the  bac¬ 
teria,  W'hich  they  resemble  in  their 
method  of  cell  division  and  in  lack¬ 
ing  sexuality  and  a  highly  organized 
nucleus. 

The  blue-green  algae  are  not 
regarded  as  ancestral  to  the  green 
algae  because,  among  other  reasons, 
it  is  believed  that  the  latter  are 
descended  from  a  group  of  uni¬ 
cellular  plants  which  move  by 
means  of  flagella.  In  possessing 
flagella  they  resemble  some  bac¬ 
teria  more  than  they  do  the  blue- 
green  algae.  Also  they  lack  phy- 
cocyanin,  so  characteristic  of  the 
blue-green  algae. 


Fig.  441.  Neivlandia  concentrica,  a 
Proterozoic  fossil  believed  to  have 
been  formed  by  the  action  of  a 
blue-green  alga.  (  X  |) 

After  Walcott 
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Fig.  440.  Section  of  a 
calcium  carbonate  ball 
formed  in  connection 
with  the  growth  of  blue- 
green  algae.  (  X  I) 

After  Walcott 
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The  blue-green  algae  show  considerable  morphological  differ¬ 
entiation  along  various  lines.  This  evolution  was  apparently  in¬ 
dependent  of  the  varied 
lines  of  development  of 
the  bacteria,  and  shows 
no  genetic  relationship 
to  the  great  diversifica¬ 
tion  found  in  the  algae. 
Thus  we  find  in  the 
blue-green  algae  the  de¬ 
velopment  of  filaments ; 
false  and  true  branching ; 
colonies  in  the  shape  of 
plates,  hollow  spheres, 
and  cubes ;  heterocysts ; 
rows  of  resting  spores; 
hormogonia ;  tapering 
filaments;  and  the  dif¬ 
ferentiation  of  filaments 
into  purely  vegetative  parts  and  cells  producing  gonidia.  While 
this  diversified  develop¬ 
ment  does  not  seem  to 
have  led  to  the  evolu¬ 
tion  of  the  higher  plants, 
it  is  evident  that  many 
of  their  varied  forms  are 
very  successful  from  the 
standpoint  of  the  strug¬ 
gle  for  existence,  as  is 
evidenced  by  their  great 
abundance. 

In  view  of  our  lack  of 
information,  our  ideas  as 
to  the  relationship  of  the 
bacteria,  the  blue-green  al¬ 
gae,  and  other  simple 
plants  can  be  only  specu¬ 
lations.  It  is  reasonable 
to  suppose  that  the  most 


Fig.  443.  Collenia  undosa,  a  Proterozoic  fossil 
believed  to  have  been  formed  by  the  action  of 
a  biue-green  alga 

After  Walcott 


Fig.  442.  Camasia  spongiosa,  a  Proterozoic  fos¬ 
sil  believed  to  have  been  formed  by  the  action 
of  a  blue-green  alga.  (  X  |) 

After  Walcott 


Schizophyta 

primitive  plants  lacked  clilorophyll  and  that  the  bacteria  give  us  our  best 
idea  of  a  great  group  of  plants  which  may  have  been  the  ancestors  of  all 
higher  plants.  The  members  of  any  such  great  group  must  have  evolved 
along  various  lines,  some  of  which  may  be  represented  by  the  bacteria  as 
we  know'  them.  Perhaps  another  line  evolved  into  a  group,  now  extinct, 
the  members  of  w'hich  moved  by  means  of  flagella  and  had  chlorophyll 
diffused  in  the  protoplasm.  One  branch  of  this  group  may  have  lost  its 
flagella,  a  process  which  has  occurred  more  than  once  in  the  evolution  of 
the  plant  kingdom,  and  developed  into  the  blue-green  algae,  w'hile  another 
line  retained  its  flagella,  developed  chloroplasts  and  true  nuclei,  and  gave 
rise  to  the  simpler  green  algae,  and  through  them  to  all  higher  plants.  We 
must  remember,  however,  that  such  ideas,  even  though  they  may  be  fasci¬ 
nating  and  may  seem  reasonable  to  some,  are  only  speculations ;  and  that, 
as  with  most  speculations,  there  is  bound  to  be  a  diversity  of  opinion. 


CHAPTER  XIX 


FLAGELLATES,  THE  ANCESTORS  OF  ALGAE  AND 
HIGHER  PLANTS 

General  characteristics.  The  flagellates  are  aquatic  organisms 
which  combine  plant  characteristics  with  those  that  we  ordinarily 
associate  with  animals  to  such  an  extent  that  they  seem  to  be,  as  it 
were,  at  the  parting  of  the  ways  between  the  plant  and  animal 


Fig.  444.  Euglena,  showing  various  forms  assumed  by  a  single  cell.  (  X  675) 


kingdoms.  Many  of  them  are  single-cell  individuals  (Fig.  444).  In 
numerous  other  cases  individuals  are  associated  in  colonies  (Figs. 
579,  580),  which  are  held  together  in  various  ways.  In  such  cases, 
however,  the  colony  is  merely  an  association  of  individuals  which 
are  not  united  in  an  intimate  manner  like  the  cells  in  the  tissues 
of  the  higher  plants.  Each  individual  of  the  colony  is  largely  in- 
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dependent  of  the  other  individuals  and  has  its  own  nutritional 
processes.  Each  individual  flagellate  when  in  a  motile  state  has 
one  or  two  (rarely  more)  slender  hairlike  projections  called  flagella, 
the  movements  of  which  enable  the  individual  to  swim  in  water 
(Figs.  445-448).  Long  and  rather  coarse  cilia  are  called  flagella, 
and  the  flagellates  owe  their  name  to  the  characteristic  presence 

of  flagella. 

The  flagellates  are 
generally  said  to  be 
distinguished  from  al¬ 
gae  by  being  naked 
cells,  while  algae  have 
cell  walls,  usually  of 
cellulose;  also  by  lack¬ 
ing  sexual  reproduc¬ 
tion.  Algae  are  believed 
to  be  descended  from 
flagellates,  and  so  it 
is  not  surprising  that 
there  should  be  no 
sharp  line  of  separa¬ 
tion  and  that  some 
flagellates  should  have 
a  mixture  of  flagellate 
and  algal  characteris¬ 
tics.  Thus  among  the 
flagellates  we  find  a  few  with  sexual  reproduction  (Fig.  447)  and 
some  with  cellulose  walls.  The  distinction  between  flagellates  and 
algae  is  thus  an  arbitrary  one.  Organisms  which  have  cell  walls 
and  sexual  reproduction  are  algae,  while  those  which  lack  them 
are  placed  in  the  flagellates. 

It  is  characteristic  of  flagellates  to  become  encysted ;  that  is,  to 
lose  their  flagella  and  become  surrounded  by  a  thick  firm  covering 
(Figs.  445-448).  While  encysted  they  are  resistant  to  adverse 
conditions  such  as  drying,  and  so  can  persist  through  unfavorable 
periods  which  would  be  fatal  to  active  individuals.  Also,  encysted 
individuals  are  in  a  favorable  condition  to  be  carried  from  place  to 
place  by  the  wind,  on  the  feet  of  birds,  and  in  other  ways. 


Fig.  445.  Pyramidomonas  tetrarhynchm,  a  flagel¬ 
late  with  foar  flagella  and  a  four-lobed  ante¬ 
rior  end 

The  figure  shows  a  mature  individual,  three 
stages  in  the  division  of  one  individual  into  two, 
and  an  encysted  individual.  (Affer  .Dill) 
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Fig.  446.  Polyblepharides  singularis, 
a  flagellate  with  several  flagella 

Above,  mature  individual,  a  rounded 
cyst  beginning  to  germinate,  flagellate 
escaping  from  the  cyst,  flagellate  es¬ 
caped  from  the  cyst.  Below,  division  of 
a  single  individual  to  form  two  daugh¬ 
ter  individuals.  (After  Dangeard) 

which  are  bright  green  owing  to 
called  chloroplasts.  Those  in  whi 


Kingdom 

Some  flagellates  have  well- 
developed  green,  yellow,  or 
brown  plastids  which  enable 
them  to  carry  on  photosynthe¬ 
sis  ;  others  are  colorless  and  live 
by  absorbing  organic  matter 
from  the  surrounding  water; 
many  can  take  in  and  digest 
solid  particles.  Some  forms  con¬ 
tain  chlorophyll  and  manufac¬ 
ture  food  by  photosynthesis 
when  living  in  the  light,  but 
when  growing  in  the  dark  in 
nutrient  solutions  they  lose 
their  chlorophyll  and  absorb 
organic  food  from  the  surround¬ 
ing  medium  (Fig.  448) .  Plastids 
an  abundance  of  chlorophyll  are 
ch  the  green  color  of  chlorophyll 


Fig.  447.  Phyllocardium  complanatum 

Left,  a  mature  individual.  'Note  two  contractile  vacuoles  near  the  base  of  the 
flagella.  There  is  a  single  large  chloroplast  which  fills  most  of  the  peripheral 
part  of  the  cell.  In  the  center  is  a  single  nucleus  and  just  above  this  an  eyespot 
which  in  the  drawing  is  black.  Upper  row,  stages  in  division  of  one  individual 
to  form  two.  Lower  row,  fusion  of  two  small  individuals  (gametes)  to  form  a 
single  cell.  This  flagellate  has  many  features  which  must  have  characterized 
the  flagellate  ancestors  of  green  plants.  (X  900).  After  Korshikov 
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is  masked  by  a  pigment  of  another  coior  are  known  as  chromato- 
phores,  a  more  inclusive  term  which  includes  all  colored  plastids. 
Various  types  of  chromatophores  are  found  in  the  flagellates.  As 
the  photosynthetic  pigments  of  the  flagellates  occur  in  definite 


plastids,  the  flagellates  are  more  advanced  in  this  respect  than  are 
the  blue-green  algae, 


where  the  pigment  is 
diffused  throughout 
the  peripheral  part  of 
the  cell.  Flagellates 
have  a  single  definite 
nucleus  with  a  nu¬ 
clear  membrane,  and 
in  this  respect  also 
are  more  advanced 
than  the  blue-green 
algae. 


EUGLENA,  A  COM¬ 
MON  FLAGELLATE 

General  charac¬ 
teristics.  Euglena 
(Figs.  444,  448)  is  a 
very  common  and 
well-known  genus  of 
unicellular  flagellates 
which  is  frequently 
so  abundant  in  small 
puddles  of  standing 


Fig.  448.  Euglena  gracilis 

Upper  right,  green  form ;  upper  left,  colorless  form 
grown  in  nutrient  solution  in  the  dark;  lower 
right,  encysted  form ;  lower  left,  contents  of  cyst 
divided  to  form  four  daughter  cells.  (Eedrawn 
after  Zumstein) 


water  as  to  give  the  water  a  greenish  color.  The  cells  are  naked, 
but  the  outer  layer  of  protoplasm  (periplast)  is  somewhat  stiff.  In 


some  species  it  is  too  stiff  to  permit  the  organism  to  change  its 
form,  while  in  others  it  is  soft  enough  so  that  the  individual  may 
show-  marked  change  in  shape  when  not  actively  swimming.  This 
change  in  shape  may  result  in  a  sort  of  creeping  movement. 
V'  itiiin  the  cell  are  a  single  nucleus  and  a  number  of  green  plastids, 
which,  in  most  species  are  disk-shaped  (Fig.  444).  The  green  color 
is  due  to  an  abundance  of  chlorophyll.  At  the  anterior  end  is  a 
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single  flagellum.  At  the  base  of  the  flagellum  is  a  large  contractile 
or  pulsating  vacuole  which  alternately  contracts  and  expands,  and 
near  this  is  a  conspicuous  red  spot  called  an  eyespot. 

In  Euglena  the  large  contractile  vacuole  discharges  into  a 
canal-like  depression  in  the  anterior  end  of  the  cell  (Fig.  449). 
Around  the  large  vacuole  is  a  system  of  smaller  ones  which  empty 
into  it.  Contractile  vacuoles  are  characteristic  of  flagellates  and 
are  widespread  in  the  motile  cells  of  primitive  algae.  The  system  is 

usually  much  less  complex  than  in 
Euglena,  and  in  most  cases  there 
is  a  single  vacuole,  or  two  which 
contract  alternately.  In  many 
cases  they  discharge  into  the  sur¬ 
rounding  cytoplasm.  Most  au¬ 
thorities  regard  contractile  vacu¬ 
oles  as  organs  of  excretion,  but  their 
exact  function  is  still  in  question. 
An  eyespot  is  found  in  many 
flagellates,  and,  like  the  contractile 
vacuole,  is  characteristic  of  many 
of  the  more  primitive  algae.  In 
some  of  the  lower  plants  it  has  been 
shown  to  consist  of  two  parts,  a  pig¬ 
mented  cup-shaped  structure  and 
a  clear  lens-shaped  portion  which 
fits  into  the  former  (Fig.  477).  It 
is  generally  assumed  that  the 
clear  part  is  sensitive  to  light,  while  the  pigmented  portion  acts  as 
a  shield,  and  that  the  eyespot  plays  a  part  in  causing  the  organism 
to  orient  itself  in  reference  to  the  direction  of  the  light.  However, 
motile  organisms  without  eyespots  are  also  sensitive  to  light. 

Reproduction.  As  in  typical  flagellates,  Euglena  reproduces  by 
tho  longitudinal  division  of  the  motile  cells  (Fig.  450).  Also,  the 
cells  may  become  encysted,  in  which  case  an  individual  comes  to 
rest,  rounds  up,  loses  its  flagellum,  and  encases  itself  in  a  thick 
wall.  While  it  is  in  this  condition  the  protoplasm  may  divide  to 
produce  a  number  of  small  individuals  which  escape  from  the  wall 
of  the  cyst  and  grow  to  mature  size. 


Fig.  449.  Anterior  end  of  Euglena 
viridis  seen  in  section 

Note  attachment  of  flagellum  to 
interior  of  contractile  vacuole.  On 
the  left  of  the  enlargement  of  the 
flagellum  is  the  eyespot,  which  in 
the  drawing  is  black.  (After  Wager) 
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Relationship  of  flagellates.  The  flagellates  are  clearly  on  the 
border  line  between  animals  and  plants,  and  there  are  reasons  for 
considering  them  as  the  group  from  which  both  animals  and  higher 
plants  have  been  derived. 

While  at  least  those  forms  which  contain  chlorophyll  may  surely 
be  regarded  as  plants,  the  whole  group  is  considered  by  many  zoolo¬ 
gists  as  belonging  to  the  animal  kingdom,  and  those  forms  that 
lack  chlorophyll  are  certainly  like  animals  in  their  characteristics. 
A  way  in  which  protozoa  (one-celled  animals)  may  have  been  de¬ 
rived  from  plants  is  suggested  by  those  forms 
which  contain  chlorophyll  and  at  the  same 
time  ingest  solid  food  particles,  and  by  those 
which  under  certain  conditions  contain 
chlorophyll  and  obtain  food  by  photosynthe¬ 
sis  and  under  other  conditions  lack  chloro¬ 
phyll  and  live  like  animals.  The  pigmented 
and  some  of  the  colorless  flagellates  are 
clearly  related,  while  transition  forms  con¬ 
nect  pigmented  flagellates  with  the  simplest 
single-celled  amoeboid  animals. 

Some  of  the  characteristics  of  the  flagel¬ 
lates  w^hich  at  first  sight  might  seem  to 
suggest  that  they  are  animals  are  the  very  pjc.  450.  Division  of 
ones  that  indicate  most  clearly  that  they  motile  cell  of  Euglena 
are  the  ancestors  of  the  higher  plants.  Redrawn  after  Stein 
Movement  by  means  of  flagella  is  found  in 
the  simplest  plants,  the  bacteria,  and  is  characteristic  of  the 
simpler  algae,  while  similar  types  of  movement  are  found  in 
reproductive  cells  of  specialized  plants  even  as  high  in  the  evolu¬ 
tionary  scale  as  the  simplest  of  the  seed  plants.  Likewise,  the 
presence  of  an  eyespot  and  contractile  vacuoles  is  characteristic 
of  many  of  the  unicellular  plants  and  of  the  reproductive  cells  of 
many  of  the  simpler  of  the  multicellular  ones.  A  consideration  of 
the  flagellates  shows  very  clearly  that  there  is  no  absolute  dis¬ 
tinction  between  plants  and  animals. 

It  seems  reasonable  to  suppose  that  the  flagellates  were  derived 
from  some  simpler  chlorophyll-bearing  plants.  The  blue-green 
algae,  however,  are  the  only  known  chlorophyll-bearing  plants 
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which  are  considered  as  more  primitive  than  the  flagellates.  In  the 
possession  of  flagella  the  flagellates  are  more  like  the  bacteria  than 
like  the  blue-green  algae.  Certainly  the  way  in  which  the  flagel¬ 
lates  may  be  related  to  these  two  groups  is  entirely  uncertain. 

While  the  origin  of  flagellates  is  obscure,  it  seems  to  be  estab¬ 
lished  that  they  have  given  rise  to  various  groups  of  algae  and 
probably  through  them  to  higher  plants. 

Classification  of  flagellates.  The  flagellates  afford  a  good  ex¬ 
ample  of  the  various  ways  in  which  a  single  group  of  plants  might 
be  classified.  Formerly  they  were  regarded  as  a  separate  class  with 
various  subdivisioDs.  It  has  been  found,  however,  that  most  of  the 
groups  of  flagellates  have  given  rise  to  algal  forms.  At  present  it  is 
more  usual  to  regard  a  group  of  flagellates  and  thd  algae  derived 
from  that  group  as  composing  a  class  of  the  plant  kingdom.  Thus, 
instead  of  separating  the  flagellates  from  the  various  classes  of 
algae,  flagellates  and  algae  are  divided  into  parallel  series  which, 
theoretically,  in  each  case  might  begin  with  flagellate  representa¬ 
tives  and  end  with  algae.  In  some  cases  the  algal  and  in  others  the 
flagellate  forms  are  missing.  Euglena  belongs  to  a  specialized  class 
in  which  there  are  no  algal  members.  Euglena  is  convenient  for 
study  because  some  species  are  common  and  large  forms. 


CHAPTER  XX 

CHLOROPHYTA,  THE  GREEN  ALGAE 
INTRODUCTION 


General  ckaracteristics.  The  green  algae  are  very  common  and 
widely  distributed  plants.  The  small  and  simpler  ones  are  of 
microscopic  size  (Fig.  451),  but  some  of  them  are  frequently  present 
in  sufficient  abundance  to  render 


them  conspicuous.  The  primi¬ 
tive  plants  are  generally  believed 
to  have  been  aquatic.  While 
some  green  algae  live  in  aerial 
situations  (Fig.  504),  the  great 
majority  live  in  water  and  have 
retained  the  primitive  charac¬ 
teristics  which  fit  them  for  an 
aquatic  habitat.  Larger  forms  are 
frequently  very  abundant  and 
conspicuous  in  streams  and  pools 
(Figs.  491,  492),  and  can  be  dis¬ 
tinguished  from  seed  plants  by 
their  simple  organization.  Ma¬ 
rine  green  algae  are  also  numer¬ 
ous  (Fig.  493).  While  very  few 
have  any  direct  use,  and  these  are 
of  no  great  value,  the  green  algm 
are  very  important  as  a  source 
of  food  for  aquatic  animals. 


Fig.  451.  Diagram  showing  two  side 
views  of  Chlamydomonas  nasuta 

V,  contractile  vacuole;  c,  chloro- 
plast;  n,  nucleus;  e,  eyespot;  p, 
pyrenoid.  Note  the  ridges  on  the 
chloroplast.  This  is  a  characteristic 
found  in  some  species  of  Chlamy¬ 
domonas.  In  the  drawing  to  the  left, 
two  contractile  vacuoles  are  shown, 
one  expanded,  the  other  contracted. 
In  the  drawing  on  the  right,  one 
contractile  vacuole  is  hidden.  (After 
Kater) 


.The  green  algae  form  a  large  and  diversified  group  of  plants. 
They  get  their  name  from  their  characteristic  green  color.  The 
chlorophyll  and  associated  pigments  are  found  in  chloroplasts,  and . 
are  the  same  and  occur  in  much  the  same  proportions  as  in  the 
chloroplasts  of  the  seed  plants.  It  is  due  to  this  similarity  in  pig- 
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ments  that  green  algae  and  higher  plants  have  much  the  saine 
color.  This  similarity  is  also  one  of  the  reasons  for  believing  that 
the  higher  plants  are  descended  from  green  algae. 

Green  algae  are  very  varied  in  form,  and  it  is  evident  that  they 
have  undergone  evolution  in  a  number  of  different  directions.  They 
vary  in  size  from  single-celled  individuals  (Fig.  452)  to  sheets  of 

very  considerable 
size  (Fig.  493).  In 
a  number  of  dif¬ 
ferent  lines,  they 
show  an  evolution 
of  the  differentia¬ 
tion  of  sex.  In  the 
simplest  forms  of 
sexual  reproduction 
the  cells  (gametes) 
which  fuse  (Fig. 
452)  are  similar  (iso¬ 
gametes).  In  a  more 
advanced  stage  (Fig. 
498)  the  gametes 
differ  in  size  (het¬ 
erogametes).  Fi¬ 
nally,  there  may  be 
the  fertilization  of 
a  large  non-motile 
female  cell  (egg)  by 
a  small  motile  male  cell  or  spermatozoid  (Figs.  499,  510). 

Despite  their  diversity,  green  algae  have  certain  points  in  com¬ 
mon-  In  addition  to  having  the  same  pigments  as  the  higher  plants, 
they,  like  the  higher  plants,  store  food  in  the  form  of  starch  and 
have  cellulose  in  their  cell  walls.  The  chloroplasts  of  most  of  - the 
green  algae  contain  one  or  more  bodies  known  as  pyrenoids.  A 
pyrenoid  usually  consists  of  a  central  protein  portion  which  is  sur¬ 
rounded  by  minute  starch  grains.  The  pyrenoids  are  generally  be¬ 
lieved  to  be  connected  with  the  formation  of  starch ;  but  starch 
may  be  formed  by  species  which  lack  pyrenoids,  or  away  from 
pyrenoids  when  they  are  present. 


Fic.  452.  Chlan^ydomonas  pertu 

A,  mature  individual;  note  that  the  cell  is  rather 
round  and  that  there  are  several  contractile  vac¬ 
uoles.  B,  gametes  formed  within  the  wall  of  the 
mother  cell ;  two  have  fused  to  form  one  individual 
with  four  flagella.  C,  gamete ;  note  the  contractile 
vacuoles  and  eyespot.  D,  E,  F,  stages  in  fusion  of 
gametes.  G,  young  zygote.  If,  mature  zygote.  (After 
Goroschankin) 
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The  green  algae  are  a  very  interesting  group  because  of  the 
great  diversity  of  forms,  because  many  of  them  are  common  and 
widely  distributed,  and  because  the  higher  plants  are  generally 
believed  to  have  evolved  from  some  form  of  green  alga. 


ORDER  VOLVOCALES,  THE  MOTILE  GREEN  ALGAE 
Chlamydomonas,  a  Primitive  Green  Alga 


Cell  structure.  The  genus  Chlamydomonas  is  an  interesting  uni¬ 
cellular  form  which  is  clearly  intermediate  between  the  flagellates 


Fig.  453.  Chlamydomonas  reinhardi 

i’nSaSe  7  '''  f  Chlamydomonas,  there  are  two 

C  below  the  nucleus.  R,  gamete. 

Hivi'Hoa  f  ^  zygote.  E,  mature  zygote.  F,  contents  of  zygote 
divided  to  form  zoospores.  G,  a  zoospore.  (After  Goroschankin) 


and  many  of  the  higher  green  algae.  The  oeUs  of  Chlamydommas 
are  spherical,  oval,  or  somewhat  cylindrical  (Figs.  451-455).  They 
are  surrounded  by  cell  walls,  and  each  individual  has  two  flagella 
at  Its  anterior  end.  The  protoplasm  at  the  anterior  end  is  clear 
and  contains  contractile  or  pulsating  vacuoles,  which  are  usually 
two  m  number  and  contract  alternately.  Most  species  of  Chlamy¬ 
domonas  have  a  red  eyespot,  which  is  usually  at  or  near  the 
anterior  end.  The  cell  contains  a  chloroplast  which,  typically,  is 
cup-shaped  and  contains  a  pyrenoid.  Chlamydomonas  has  a  single 
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nucleus.  The  nucleus,  like  those  of  other  green  algae,  is  highly 
developed,  is  sharply  limited  by  a  nuclear  membrane,  and  divides 
by  mitosis  (Fig.  456).  In  all  these  respects,  other  than  the  presence 
of  a  cell  wall,  Chlamydomonas  is  very  similar  to  the  flagellates  from 
which  the  green  algae  are  derived  (Fig.  447).  Although  Chlamy¬ 
domonas  is  a  small  organism,  the  different  species  vary  from  each 
other  considerably  in  various  details  (Figs.  451-455). 


Fig.  454.  Chlamydomonas  reticulata 

A,  mature  individual;  note  that  the  chloroplast  is  reticulate  and  that  the  con¬ 
tractile  vacuoles  are  prominent ;  the  eyespot  is  seen  to  the  left  of  the  cell.  B, 
C,  gametes  fusing.  D,  young  zygote.  E,  mature  zygote.  (After  Goroschankin) 

Asexual  reproduction.  Chlamydomonas  reproduces  asexually 
by  the  formation  of  zoospores,  a  method  which  is  characteristic 
of  many  green  algae.  Zoospores  are  motile  spores.  In  the  forma¬ 
tion  of  zoospores  in  Chlamydomonas,  the  contents  of  the  cell  divide 
rapidly  into  two,  four,  or  eight  parts  (Fig.  457).  Each  of  these 
acquires  the  structure  of  a  mature  individual,  and  all  are  set  free 
from  the  mother  cell  by  the  conversion  of  the  wall  of  the  latter 
into  mucilaginous  material.  They  then  grow  and  become  mature 
motile  individuals.  The  zoospores  are  simply  small  individuals. 

The  method  by  which  one  cell  becomes  divided  into  two  is  very 
different  from  that  seen  in  the  vegetative  divisions  of  higher  plants 
and  filamentous  algae.  In  the  latter  the  cell  walls  of  the  mother 
cell  remain  as  walls  of  the  daughter  cells,  while  the  mother  cell  is 
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divided  into  two  by  the  formation  of  a  cross  wall.  In  Chlamy- 
domonas  the  cell  wall  does  not  take  part  in  the  division,  this  being 
confined  to  the  protoplast  (Figs.  457,  458).  The  newly  formed 
protoplasts  surround  themselves  with  new  cell  walls,  while  the  cell 
wall  of  the  mother  cell  goes  to  pieces  and  disappears.  The  division 
of  the  protoplast  is,  therefore,  similar  to  the  division  of  a  flagellate. 


Fig.  455.  Chlamydomonas  steinii 

A,  mature  individual;  note  ridges  on  the  chloroplast;  above  are  two  prom- 
ment  contractile  vacuoles;  below  these  is  the  nucleus;  in  the  lower  part  of 
the  cell  IS  the  pyrenoid ;  m  the  upper  portion,  to  the  left,  is  the  eyespot. 

cross  section  of  an  individual,  shoving  shape  of  chloroplast.  C,  gametes 
formed  within  the  wall  of  the  mother  cell.  D,  gametes.  E,  F,  G,  stages  in  fusion 
ot  gametes,  /i,  young  zygote.  I,  mature  zygote.  Compare  Figs.  451-454, 
and  note  differences  between  different  species.  (After  Goroschankin) 


Chlamydomonas  has  what  is  known  as  a  palmella  stage,  during 
which  it  loses  its  flagella  and  may  divide  to  form  numerous  indi¬ 
viduals.  The  cells,  instead  of  escaping  from  the  gelatinized  mother- 
cell  wall,  remain  within  it  and  are  held  together  in  a  gelatinous 
matrix  (Fig.  458),  formed  by  the  gelatinization  of  the  cell  walls 
of  successive  generations.  When  conditions  again  become  favor¬ 
able  to  the  motile  stage,  the  cells  acquire  flagella  and  swim  out 
of  the  jelly. 
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Sexual  reproduction.  Sexual  reproduction  takes  place  by  means 
of  gametes,  which  are  formed  in  the  same  way  as  zoospores  and 
have  the  same  general  structure,  but  are  smaller  and  more  nu¬ 
merous  (Figs.  452-455,  459).  Two  of  these  fuse  together  to  form  a 
single  cell  known  as  a  zygote.  This  surrounds  itself  with  a  thick 
wall  and  becomes  a  zygospore,  which  undergoes  a  period  of  rest. 


Fig.  456.  Chlamydomonas  nasuta  stained  to  show  structure  I 

individual.  Note  nucleus  above  and  pyrenoid  below. 

Next  three  figures  represent  division  of  the  protoplast  of  one  individual  to 
form  two  daughter  mdiyiduals.  Lower  line,  prophase,  metaphase,  and  ana¬ 
phase  of  mitosis.  (After  Kater) 

A  zygospore  is  a  spore  formed  as  a  result  of  the  fusion  of  two 
gametes.  Zygospores  are  very  resistant  to  adverse  conditions,  and  • 
they  enable  Chlamydomonas  to  survive  through  periods  when  the 
environment  is  unfavorable.  When  conditions  are  favorable,  the 
contents  of  zygospores  are  transformed  into  zoospores,  which  em 
large  and  become  mature  motile  individuals.  In  most  cases  (Fig.  . 
459)  the  gametes  of  Chlamydomonas  are  all  alike  (isogametes) ;  in 
one  case^(Fig.  460)  they  differ  in  size  (heterogametes). 

_  ^The  simffarity  of  the  gametes  and  zoospores  of  Chlamydomonas 
in  icates  t  at  in  such  cases  gametes  have  been  derived  from  zoo- 


420 


Tlie  Plant  Kingdom 


spores  and  that  sexuality  had  its  origin  in  the  transformation  of 
non-sexual  zoospores  into  sexual  gametes. 


Unicellular  algae  related  to  Chlamydomonas.  There  are  a  number 
of  unicellular  green  algae  more  or  less  closely  related  to  Chlamydomonas. 
Only  two  which  represent  different  types  and  belong  to  different  families  or 
subfamilies  will  be  mentioned  here.  Carteria  differs  from  Chlamydomonas 


Fig.  459.  Chlamydomonas  longistigma 

Above,  division  into  daughter  cells;  lower  figures  show  the  conjugation  of 
gametes.  (Redrawn  after  Dill) 

chiefly  in  that  it  has  four  instead  of  two  flagella  (Fig.  461).  In  Sphaerella 
{Haematococcus)  the  cell  wall  consists  of  a  firm  outer  layer  and  a  thick 
geiatinoi^  inner  layer  which  is  transversed  by  thin  strands  from  the  pro¬ 
toplast  (fiig.  462).  This  form  has  two  flagella  and  a  single  chloroplast  with 
several  pyrenoids.  A  red  pigment,  haematochrome,  may  be  so  abundant 
m  either  motile  indraduals  or  resting  cells  as  to  give  them  a  red  color. 
.Sp  reproduces  asexually  by  the  division  of  the  protoplast  of  a  motile 
individual  to  form  zoospores  which,  like  those  of  Chlamydomonas,  are 


small  individuals  (Fig.  462).  It  is  very  characteristic  of  Sphaerella  to  lose 
its  flagella  and  to  form  non-motile  cells  the  contents  of  which  may  divide 
to  form  other  non-motile  cells  (Fig.  462)  or  palmella  colonies.  Also,  the 
contents  of  non-motile  cells  may  di\ade  up  to  form  either  zoospores  or 
isogametes. 


Fig.  460.  Chlamydomonas  braunii 

A,  mature  individual ;  _ B,  small  gamete;  C,  large  gamete;  D,  E,  F,  stages 
in  fusion ;  G,  zygote.  (.4fter  Goroschankin) 


Relationship.  Chlamydomonas  and  closely  related  forms  seem 
clearly  to  be  descended  from  a  family  of  green  flagellates  (the 
PolyUepharidaceae).  This  family  of  flagellates  (Figs.  445-447)  is 
the  most  primitive  family  of  the  green  algal  series,  and  Chlamy¬ 
domonas  is  so  similar  to  some  of  its  members  that  if  Chlamydomonas 
did  not  have  a  cell  wall  it  would  be  included  in  if.  Sexual  repro- 


more  primitive  members  of  the  fam¬ 
ily,  but  in  an  advanced  one  there 
is  a  fusion  of  isogametes  (Fig.  447) 
similar  to  that  in  Chlamydomonas. 

The  members  of  the  Polyblephari- 
daceae  resemble  Chlamydomonas  in 
possessing  a  single  large  chloroplast 
with  pigmentation  similar  to  that  of 
Fic.  461,  Two  relatives  of  Chlamy-  other  green  algae.  They  also  resemble 
domonas  Chlamydomonas  in  manufacturing 

Left,  Carteria,  which  has  four  fla-  starch,  ^  and^  in  most  cases  there  is  a 
gella;  right,  Chlorogonium,  which  pyrenoid  within  the  chloroplast.  As 
differs  from  Chlamydomonas  largely  in  Chlamydomonas,  the  individuals 
in  being  long  and  slender.  (After  have  a  single  eyespot.  The  number  of 
Dill  and  Franze)  flagella  varies  from  two  to  four  and 

eight  with  the  different  genera.  In 
some  cases  there  are  two  contractile  vacuoles,  as  is  usual  in  Chlamydo¬ 
monas.  As  in  Chlamydomonas,  there  is  a  highly  developed  nucleus  which 
has  a  nuclear  membrane  and  which  divides  mitotically. 


Fig.  462.  Sphaerella 

•  ®>  strand  of  protoplasm  reaching  from  protoplast  to 
P,  pyrenoid;  c,  chloroplast.  B,  Sphaerella 
dro^aker^  C,  palmella  stage  of  Sphaerella  pluvialis.  D,  individual  of 
^haereOa  droebak^;  the  contents  have  divided  to  form  four  zoospores.  E. 
many  gametes  mthin  the  mother  cell.  F,  gamete.  G,  H,  fusion  of  gametes'. 
if  zygote.  (After  Reichenow  and  Wollenweber) 
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In  the  green  algae  there  are,  as  previously  mentioned,  quite  a 
number  of  different  lines  of  evolution,  and  several  of  these  appear 
to  have  started  from  Chlamydomonas  or  similar  forms. 

From  the  considerations  given  above  it  appears  that  Chlamy- 
omonas  and  closely  related  unicellular  forms  are  very  primitive 
green  algae.  A  consideration 
of  Chlamydomonas  and  its 
near  relatives  among  the  uni¬ 
cellular  green  algae  and  green 
flagellates  should  therefore 
indicate  those  features  which 
are  characteristic  of  primi¬ 
tive  green  algae.  We  may 
conclude  that  among  the 
structures  which  characterize 
the  most  primitive  green 
algae  are  flagella,  contractile 
vacuoles,  an  eyespot,  a  single 
cup-shaped  chloroplast,  and, 
in  those  which  are  algae 
rather  than  flagellates,  a  ceil 
wall  containing  cellulose.  The 
primitive  green  algae  are  uni¬ 
cellular  and  motile.  The  di¬ 
vision  of  the  protoplast  is  not 
due  to  the  formation  of  cross 

walls  but  to  the  activity  of  the  protoplast  itself;  the  old  ceU  wall 
disintegrates,  while  the  new  protoplasts  form  new  cell  walls  around 
themselves.^  New  individuals  are  like  the  parent  ones  except  for 
size.  The  simple  green  algae  reproduce  sexually  as  well  as  asex- 
ually ,  sexual  reproduction  is  due  to  the  fusion  of  isogametes. 


Fhst  two  lines,  a  mature  individual  and 
division  of  protoplast  to  form  zoo¬ 
spores  ;  last  line,  formation  of  gametes. 
(After  Teodoresco) 


Volvox,  a  Colonial  Green  Alga 

^  General  characteristics.  The  genus  Volvox  contains  a.  number 
of  species  of  colonial  algae  (Figs.  464-469)  which  are  very  common 
in  fresh-water  ponds  and  sometimes  occur  in  great  abundance  in 
lakes.  They  are  more  or  less  the  size  of  a  pinhead,  and  are  among 


Fig.  464.  Volvox  merrillii 


A  colony  within  which  are  many  young  eggs  (the  smaller  round  homogeneous 
bodies)  and  a  few  groups  of  spermatozoids.  The  latter  are  larger  than  the 
young  eggs  in  the  drawing  and  can  be  seen  to  be  composed  of  a  number  of 
individual  spermatozoids.  Note  that  there  are  prominent  protoplasmic  strands 
connecting  the  individuals  of  the  colony,  (x  100) 


Fig.  465.  Volvox  merrillii,  a  colony  within  which  are  many  oospores.  (X  100) 
Lower  right,  a  single  oospore  showing  spiny  cell  wall 
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the  most  beautiful  and  fascinating  objects  in  the  plant  kingdom. 
A  colony  may  contain  as  few  as  five  hundred  cells,  but  usually  they 
are  several  thousand.  The  cells  are  arranged  in  a  single  layer  at  the 
periphery  of  the  colony  and  are  surrounded  by  a  gelatinous  matrix 
( '  igs-  465,  467).  The  center  of  the  colony  may  contain  thinner 
gelatinous  material  or  water.  In  some  species  the  individual  cells 


Fig.  466.  Volvox  (Merrillosphaera)  africana,  a  bisexual  colony 

Note  that  no  connecting  strands  are  visible  between  the  cells  of  the  colony, 
the  large  cells  within  the  colony  are  oospores.  The  six  smaller  bodies  are 
groups  of  spermatozoids.  (x  165) 

are  connected  with  each  other  by  prominent  protoplasmic  strands 
(Figs.  464,  465),  in  others  by  fine  strands,  while  in  still  other  species 
connecting  strands  have  not  been  demonstrated  (Figs.  466,  468). 
However,  there  is  indirect  evidence  that  protoplasmic  connections 
between  cells,  perhaps  very  fine  ones  in  some  cases,  are  of  gen¬ 
eral  occurrence  in  Volvox  and  related  genera.  The  individual  cells 
are  miich  like  those  of  Chlamydomonas.  They  have  two  flagella, 
contractile  vacuoles,  an  eyespot,  and  a  single  chloroplast  which 
is  often  cup-shaped  and  usually  has  a  single  pyrenoid.  Volvox 
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may,  therefore,  be  thought  of  as  a  colony  of  Chlamydomonas-VikQ 
individuals. 

A  Yolvox  colony  may  swim  about  rather  rapidly  by  the  move¬ 
ments  of  the  flagella  of  individual  cells.  The  cells  are  so  arranged 


Fig.  467.  Volvox  globator,  A  somewhat  diagrammatic  section  through  a  colony 
in  which  three  daughter  colonies  are  developing 

Note  that  the  reproductive  cells  are  already  differentiated  in  the  daughter 
colonies.  (After  Janet) 

that  the  smaller  anterior  end  points  outward.  The  flagella  are 
attached  to  this  end  and  project  out  of  the  gelatinous  matrix 
(Fig^.  467,  469).  Nearly  all  the  cells  of  a  Volvox  colony  are  vege¬ 
tative  cells  and  remain  so  throughout  the  life  of  the  colony.  De¬ 
pending  on  the  species  and  circumstances,  the  reproductive  cells 
produced  by  a  colony  may  be  either  sexual  (Fig.  465)  or  asexual 
(Fig,  467)  or  both  sexual  and  asexual. 
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Asexual  reproduction  of  Volvox.  In  a  Volvox  colony  whicii  is 
destined  to  reproduce  vegetatively,  a  few  cells  in  the  posterior  end 
enlarge,  move  toward  the  center  of  the  colony,  and  lose  their 
flagella.  Each  cell  then  divides  up  to  form  a  new  colony,  which 
develops  to  a  considerable  size  while  within  the  parent  colony 
(Fig.  467).  Finally  the  parent  colony  disintegrates  and  the  daugh¬ 
ter  colonies  are  set  free.  Often  granddaughter  colonies  appear 


Fig.  468.  Volvox  (Merrillosphaera)  carteri 

Note  the  large  asexual  daughter  colonies  within  the  mother  colony  and  the 
granddaughter  colonies  within  the  daughter  colonies.  Note  also  that  no  proto¬ 
plasmic  connections  are  visible 

within  the  daughter  colonies  while  the  latter  are  still  within  the 
parent  colony  (Fig.  468). 

Sexual  reproduction  of  Volvox.  In  sexual  reproduction  either  a 
few  or  a  considerable  number  of  cells  in  the  posterior  part  of  the 
colony  become  differentiated.  Male  and  female  cells  may  be  found 
either  in  the  same  (Figs.  464,  466,  469)  or  in  different  colonies 
(Fig.  465).  The  male  cells  are  biflagellate  spermatozoids  and  are 
produced  in  large  numbers  by  the  division  of  a  single  cell  (Fig.  469). 
The  female  cells  are  eggs  (Fig.  469).  Each  egg  is  formed  by  the  en¬ 
largement  of  a  single  cell  which  loses  its  flagella  and  becomes 
rounded  and  very  much  larger  than  a  vegetative  cell.  The  sperma- 
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tozoids  swim  actively  in  the  water  and  reach  the  eggs.  A  single 
spermatozoid  enters  an  egg,  and  its  nucleus  fuses  with  the  egg 
nucleus,  thus  effecting  fertilization.  This  fertilized  egg,  or  zygote, 
surrounds  itself  with  a  heavy  cell  wall  and  becomes  an  oospore, 
which  is  a  spore  formed  from  a  fertilized  egg.  The  cell  wall  of  the 


Fig.  469.  Left,  a  somewhat  diagrammatic  section  of  a  sexual  colony  of  Volvox 
globator.  Right,  group  of  spermatozoids  of  Volvox  aureus 

The  large  single  cells  which  project  inward  are  the  eggs,  while  the  groups  of 
cells  similarly  projecting  inward  are  spermatozoids  in  various  stages  of  develop¬ 
ment.  p,  pyrenoid ;  c,  chloroplast ;  n,  nucleus ;  v,  contractile  vacuoles ;  e,  eye- 
spot.  (After  Janet) 

oospore  may  be  either  smooth  (Fig.  466)  or  spiny  (Fig.  465).  The 
oospore  is  a  resting  spore  and  can  resist  adverse  conditions  such  as 
the  drying  up  of  a  pond  in  which  the  Volvox  is  growing,  and  then 
germinate  when  conditions  again  become  favorable.  During  the 
germination  of  the  oospore,  the  thick  outer  wall  splits  and  the  de¬ 
veloping  contents,  surrounded  by  the  inner  layer  of  the  wall, 
escape  (Fig.  470).  The  protoplast  divides  up  to  form  a  colony  in 
much  the  same  manner  as  when  an  asexual  reproductive  cell  pro¬ 
duces  a  colony  (Fig.  470) .  - 


In  one  species  (FoZt'Ox  rousseleiii)  the  protoplast  of  the  oospore  becomes 
converted  into  a  zoospore  (Fig.  471)  which  in  structure  is  verj'  much  like 
an  individual  of  Chlamydomonas.  This  empltasizes  the  relationship  of 
Volvox  to  Chlamydomonas.  This  zoospore  divides  up  to  a  form  a  colony. 
A  very  curious  feature  in  the  development  of  colonies,  whether  formed 
from  asexual  cells  witliin  a  mother  colony  or  from  the  protoplast  of  a 
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Fig.  470.  Development  of  oospore  in  young  colony  of  Volvox  minor 

A,  an  egg  near  which  are  many  spermatozoids  j  oospore  j  C,  oospore  with 
contents  divided  to  form  two  cells;  D,  to  form  four  cells;  E,  the  multicellular 
embryo  surrounded  by  the  inner  layer  of  the  cell  wall  escaping  from  the  outer 
layer ;  F,  an  older  stage  in  development  shown  without  the  cell  wall  (note 
that  the  cells  are  arranged  in  the  form  of  a  hollow  sphere) ;  G,  young  individual 
within  the  inner  wall  of  the  oospore.  (X  300).  After  Kirchner 

zygote,  is  that  at  a  rather  late  stage  the  colony  turns  completely  inside  out. 
The  flagella  are  produced  before  this  inversion  and  project  inward.  In¬ 
version  places  them  at  the  periphery  of  the  colony.  Sperm  colonies  also 
undergo  inversion. 

Relationship  of  Volvox.  The  genus  Volvox  is  the  culmination  of 
one  line  of  evolution  which  may  be  traced  back  to  Chlamydomonas 
as  a  similar  simple  alga.  Chlamydomonas  and  Volvox,  with  the 
colonial  forms  of  varying  degrees  of  complexity  which  connect 
them,  compose  one  of  the  most  beautiful  of  all  known  evolutionary 
series.  The  simplest  of  the  colonial  forms  consists  of  four  cells,  and 
is  just  the  type  of  colony  that  would  result  if  four  zoospores 


Fxg.  473.  Gonium  pectorale 

Top  and  side  view  of  a  colony,  gamete,  and  fusion  of  gametes  to  form  zygote. 
(After  Stein  and  Schussnig) 


431 


Chlorophyta^  the  Green  Algae 

produced  by  the  division  of  a  Chlamydomonas  cellj  instead  of  sepa¬ 
rating,  held  together  until  they  reached  maturity  (Fig.  472). 
Between  this  small  colony  and  the  large  ones  of  Volvoz  there  are 
various  intermediate  forms  (Fig.  565,  left).  Along  with  the  in¬ 
creasing  number  of  cells  in  the  colony,  other  specializations  have 
occurred.  In  the  simple  colonies  all  cells  are  reproductive  (Figs. 
472,  475).  In  a  somewhat  more  advanced  one,  a  few  cells  remain 
small  and  vegetative  while  the  majority  are  larger  and  are  re¬ 
productive  (Fig.  479).  Then  there  is  a  form  in  which  about  half  are 
small  and  vegetative  (Fig.  480).  Finally,  in  Volvox  only  a  few  are 
reproductive  (Fig.  465),  In  the  simpler  colonies  sexual  reproduc¬ 
tion  is  isogamous  as  in  Chlamydomonas  (Fig.  473) ;  in  an  inter¬ 
mediate  form  the  fusing  cells  are  similar  except  that  the  female  are 
much  larger  than  the  male  (Fig.  476) ;  in  Volvox  we  have  highly 
differentiated  eggs  and  spermatozoids.  Connecting  forms  between 
Chlamydomonas  and  Volvox  are  described  below  in  more  detail. 

THE  MOTILE  COLONIAL  GREEN  ALGAE 

The  order  Volvocales  includes  the  flagellates  of  the  family  Polybleph-^ 
aridaceae  as  weU  as  Chlamydomonas  and  Volvoz  and  intermediate  and 
related  forms. 

Gonium.  The  simplest  colo¬ 
nial  forms  intermediate  between 
Chlamydomonas  and  Volvox  are 
in  the  genus  Gonium.  Gonium 
socials  is  a  colony  of  four  Chlamy- 
domonas-like  cells  embedded  in 
a  common  gelatinous  matrix. 

AU  of  the  cells  are  alike,  and 
each  can  reproduce  a  colony 
(Fig.  472). 

Another  species  of  Gonium^ 

Gonium  pectorale,  is  slightly 
more  complex,  as  the  colony 
consists  of  a  plate  of  sixteen 
cells  (Fig.  473).  Otherwise  it  is 
very  similar  to  Gonium  sociaU. 

Each  ceE  of  the  colony  may  di¬ 
vide  and  produce  a  new  colony.  Sexual  reproduction  is  by  the  fusion  of 
similar  gametes  (isogametes),  as  in  most  species  of  Chlamydomonas.  The 


Fig.  474.  Gonium  pectorale 

A  mature  zygote  and  germination  of  zy¬ 
gote  to  form  small  colony,  (x  400).  After 
Schreiber 
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gametes  are  formed  by  the  division  of  one  cell  of  a  colony  to  form  sixteen 
gametes.  Two  gametes  from  different  colonies  fuse  to  form  a  single  cell  or 
zygospore,  w'hich  becomes  surrounded  by  a  membrane.  On  germination 
the  contents  of  the  zygospore  di\dde  to  form  four  zoospores,  which  may 
be  united  and  thus  form  a  small  colony  (Fig.  474). 


Fic.  475.  Pandorina  morum 


A,  mature  colony;  B,  a  single  individual  (note  two  contractile  vacuoles  above, 
eyespot  to  the  right,  nucleus  in  the  center,  and  pyrenoid  hiear  posterior  end) ; 
C,  cells  of  mother  colony  forming  daughter  colonies;  D,  gametes  escaping 
from  a  sexual  colony;  E,  large  and  small  gametes;  F,  G,  fusion  of  gamete; 
li,  zygote;  1,  J,  K,  germination  of  zygote  to  produce  zoospore;  L,  M,  N, 
division  of  zoospore  to  form  colony,  (x  350).  After  Pringsheim 


_  Pandonna.  This  genus  shows  what  may  be  regarded  as  a  further 
advance  m  that  the  colony  has  a  spherical  form  (Fig.  475).  As  in  Gonium, 
any  ceU  of  the  colony  may  divide  to  form  a  new  colony.  Sexual  reproduc¬ 
tion  results  from  the  fusion  of  motile  gametes  produced  by  the  division  of  a 
ceil  of  a  colony  to  form  sixteen  gametes,  and  is  similar  to  that  of  Gonium 
except  that  usually  a  small  active  (male)  gamete  fuses  with  a  larger  more 
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sluggish  (female)  gamete  (Fig.  475) .  This  fusion  of  unequal  gametes  has  been 
regaided  as  indicating  a  very  primitive  stage  in  the  differentiation  of  sex. 


Fic.  476.  Eiidorina  elegans 

A  female  colony  with  large  gam¬ 
etes  around  which  are  two  bun¬ 
dles  of  spermatozoid.s  and  nu¬ 
merous  free  spermatozoids  some 
of  which  are  in  contact  with  the 
large  female  gametes.  (After 
Goebel) 


Fig.  477.  Eudorina  elegans 

Left,  a  single  cell  (x  325).  Note 
two  contractile  vacuoles,  prominent 
eyespot,  nucleus  in  the  center  of 
the  cell,  and  below  two  pyrenoids. 
Right,  section  of  a  cell  showing  lens¬ 
shaped  clear  area  in  the  hollow  of 
the  cup-shaped  pigmented  area  of 
the  eyespot.  Note  section  of  large 
pyrenoid  in  lower  part  of  ceil.  (After 
Franze  and  Mast) 


Eudorina.  The  colony  of  Eudorina  consists  of  usually  thirty-two 
Chlamydo7nonas-\\ke  cells  loosely  arranged  near  the  periphery  of  a  gelati¬ 
nous  matrix  (Figs.  476,  477).  As  in  the  genera  previously  described, 
each  cell  of  a  vegetative  colony  may  form  a  new  colony.  However,  in 
se.xual  reproduction  there  is  a 


distinct  differentiation  of  sexes, 
which  are  usually  found  in  sep¬ 
arate  colonies.  Some  colonies 
develop  as  female.  These  are 
similar  to  vegetative  colonies 
except  that  the  cells  enlarge 
slightly  and  each  functions  as 
an  egg  (Fig.  476).  In  male  col¬ 
onies  each  cell  divides  to  form 
sixty-four  pear-shaped,  biflagel- 
late  spermatozoids.  A  sperma- 
tozoid  fuses  wdth  an  egg  to 
form  an  oospore,  which,  on  ger¬ 
mination  (Fig.  478),  produces 
a  new  colony. 


Fig.  478.  Eudorina  elegans 


Zygotes,  three  stages  in  germination  of 
zygote  to  produce  zoospore,  and  two 
stages  in  division  of  zoospore  to  form  col¬ 
ony.  (After  Schreiber) 


f  IG.  479.  rleodorinajllinoiensis 

4,  matoe  colony  (x  250) ;  the  four  small  cells  to  the  left  are  vegetativ 
while  all  the  remamd^  are  reproductive.  B,  the  four  smaU  anterior  cell 
remam  vegetative  wlule  the  other  and  larger  cells  are  producing  daughte 
colonies.  C,  A  two  views  of  group  of  sperm  cells.  E-H,  division  of  mothe 
.  ’  wMe  wthin  mother  colony,  to  form  a  daughter  colony.  I-L,  sid( 
view  of  division  of  cell  to  form  daughter  colony.  M~P,  divisions  to  forn 
daughter  colony,  as  seen  from  above.  (After  Kofoid  and  Merton) 


Fig.  480.  Pleodorina  californica 

Note  small  vegetative  cells  to  the 
left  and  larger  reproductive  cells  to 
the  right,  (x  150) 

would  seem  to  be  significant.  T 


asexual  and  sexual  reproduction  are 
similar  in  the  two  cases.  However,  in 
Pleodorina  illinoiensis  four  cells  in 
the  front  or  anterior  end  of  the  colony 
are  small  and  remain  vegetative,  while 
the  others  are  larger  and  any  of  them 
may  reproduce  the  colony  (Fig.  479). 
The  fact  that  it  is  the  cells  in  the 
anterior  end  which  are  vegetative 
i  differentiation  of  purely  vegetative 


cells  is  further  advanced  in  Pleodorina  californica.  Here  there  are  about 


sixty-four  or  one  hundred  and 
twenty-eight  cells,  about  half 
of  which  may  be  reproductive, 
while  the  remainder,  located  in 
the  anterior  end  of  the  colony, 
are  small  vegetative  cells  (Fig. 
480). 

Volvox.  The  higher  mem¬ 
bers  of  the  series  are  placed  m 
the  genus  Volvox,  where  the  cells 
in  a  colony  are  usually  very 
numerous,  often  as  many  as 


twenty-five  thousand.  Sexual  Fig.  481.  Platydoiina,  a  flattened  colo- 
differentiation,  which  is  sug-  form  belonging  to  the  Volvocaceae. 

gested  by  the  fusion  of  small  (x200) 


and  large  gametes  in  Pandorina 
and  is  very  evident  in  the  small 
spermatozoids  and  large  female 
gametes  of  Eudorina,  reaches 
its  culmination  in  the  spermato¬ 
zoids  and  eggs  of  Volvox.  The 
differentiation  of  vegetative  and 


Left,  face  view;  center,  a  single  cell 
(note  two  contractile  vacuoles  and  eye- 
spot  at  the  anterior  end,  the  nucleus  in 
the  center,  a  single  large  chloroplast 
around  the  nucleus,  and  a  large  p3Tenoid 
in  the  chloroplast  at  posterior  end) ;  right, 
side  view  of  a  colony.  (After  Kofoid) 


reproductive  cells,  which  is  evident  in  the  four  vegetative  cells  of  Pleo- 
d^na  illinoiensis  and  more  pronounced  in  Pleodorina  californica,  also 


Fig.  482,  Stephanosphaera  pluvialis 

A,  mature  colony;  B,  individuals  of  a  colony  giving  rise  to  daughter  colonies- 
C,  formation  of  gametes,  Z),  later  stage  with  some  of  the  gametes  fusing* 
B—J,  gamete  and  fusion  of  gametes  to  form  zygospore 


reaches  ^  its  culmination  in  Volvox,  where  thousands  of  cells  may  be 
vegetative  and  only  a  comparatively  small  number  are  reproductive. 

Other  colonial  Volvocales.  Included  in 


the  Volvocales  are  a  number  of  colonial  algae 
other  than  those  on  a  more  or  less  direct  line 
fvoxix  Chlamydomonas  to  Volvox.  Platydorina 
is  a  flattened  horseshoe-shaped  colony  of 
sixteen  or  thirty-two  Chlamydomonas-lihe 
cells  (Fig,  481).  All  cells  are  similar  and 
each  can  produce  a  new  colony.  Platydorina 
is  believed  to  be  derived  from  Eudorina, 
which,  under  certain  conditions,  can  be 
made  to  assume  a  form  much  like  Platy- 
dorina.  Platydorina  thus  appears  to  be  an 
offshoot  from  the  main  line  of  evolution 
which  has  culminated  in  Volvox. 


Fig.  483.  Spcndylomorum. 
a  colony  of  sixteen  cells 

After  Stein 


Etephanosphaera  is  a  colony  of  usually 
eight  cells  which  are  arranged  in  an  equato¬ 
rial  circle  within  a  tough  spherical  or  ellip¬ 
soidal  covering  (Fig.  482).  Each  protoplast 
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has  two  flagella  which  project  beyond  the  covering  of  the  colony.  Also 
each  protoplast  has  protoplasmic  processes,  like  those  of  Sphaerella,  which 
reach  to  the  tough  covering  of  the  colony  just  as  those  of  Sphaerella 
reach  to  the  tough  cell  wall.  Stephanosphaera  thus  appears  to  be  related 
to  Sphaerella  in  much  the  same  w’ay  as  Goniuai  or  Pandorina  is  to 
Chlamydonionas.  All  the  protoplasts  of  a  colony  of  Stephanosphaera  are 
similar,  and  each  can  give  rise  to  a  daughter  colony.  Sexual  reproduction 
is  by  the  fusion  of  two  biflagellate  isogarnetes.  These  are  formed  in  large 
numbers  by  the  division  of  the  individual  protoplasts. 

The  colony  of  Spondylo7norum  contains  eight  or  sixteen  cells.  These 
are  arranged  in  tiers  of  four  cells,  the  cells  of  one  tier  alternating  with  those 
of  the  next  (Fig.  483).  Each  cell  has  four  flagella.  This  suggests  that 
Spondylomorum  may  be  related  to  the  unicellular  Cartena,  which  has  four 
flagella  and  differs  from  Chlamydornonas  only  in  this  respect.  There  is  also 
a  colonial  genus  similar  to  Spondylomoritni  except  that  the  cells  have  only 
tw’o  flagella  and  are  thus  similar  to  the  cells  of  Chlamydornonas. 

ORDER  TETRASPORALES,  THE  PALMELLOID  ALGAE 

General  characteristics.  We  have  seen  that  motility  is  char¬ 
acteristic  of  primitive  green  algae.  The  evolution  of  motile  colonies 
has  led  to  a  fairly  high  degree  of  differentiation  in  Volvox,  but  does 
not  seem  to  have  resulted  in  plants  of  any  considerable  size.  In 
contrast  to  the  V olvocales,  the  higher  plants  are  non-motile  and  are 
characterized  by  a  great  development  of  vegetative  divisions  which 
usually  result  in  a  considerable  amount  of  vegetative  tissue.  A 
step  in  this  direction  is  seen  in  the  Tetrasporales.  In  the  Volvocales 
the  motile  condition  is  dominant  and  the  non-motile  is  transitory. 
In  the  Tetrasporales  the  reverse  is  true,  as  in  them  the  non-motile 
phase  is  dominant  and  the  motile  is  transitory.  Most  of  the  Tetror- 
sporales  are  colonial  forms  in  which  the  non-motile  cells  are  held 
together  in  a  gelatinous  matrix  formed  by  the  gelatinization  of  the 
ceil  walls  of  successive  generations  (Fig.  484). 

The  ordinary  vegetative  stage  of  the  Tetrasporales  is  therefore 
similar  to  the  palmella  stage  oi  Chlamydornonas  (Fig.  458).  In  them 
the  palmella  stage  of  Chlamydornonas  has  become  dominant,  while 
the  motile  stage  is  transitory,  the  reverse  of  what  we  have  seen  in 
Chlamydornonas. 

Palmella.  The  genus  Palmella  is  very  much  like  the  palmella 
stage  of  Chlamydornonas  (Fig.  458),  and  consists  of  a  small  amor- 
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phous  colony  of  spherical  or  ellipsoidal  cells  without  flagella,  held 
together  in  a  gelatinous  matrix.  An  ordinary  vegetative  cell  can 


Fic.  484.  Tetraspora 

A,  portion  of  a  colony  showing  vegetative 
cells  with  pseudocilia;  B,  division  of  cells 
to  form  gametes;  C,  gamete  greatly  en- 
toged  (note  similarity  to  Chlatnydomonas 
in  two  contractile  vacuoles,  eyespot,  and 
cup-shaped  chloroplast  with  single  pyre- 
noid) ;  D-F,  stages  in  fusion  of  gametes; 
G,  young  zygote;  H,  mature  zygote;  J, 
two  groups  of  aplanospores,  each  formed 
by  the  germination  of  a  single  zygote;  J, 
young  colony  formed  by  the  germination 
^  a  group  of  aplanospores.  All  except  D, 
T.  gdahnom  (after  Klyver) ;  D,  T.  lubrica 
(after  Eeinke).  (All  except  C  and  D 
X  650) 


acquire  two  flagella  and 
swim  out  of  the  colony  as 
in  Chlamydomonas.  Alter 
moving  about  for  a  time, 
it  settles  down  and  by  re¬ 
peated  vegetative  division 
forms  a  new  colony.  Pal- 
mella  reproduces  asexually 
by  the  division  of  the  proto¬ 
plast  of  a  vegetative  cell 
to  form  zoospores,  sexually 
by  the  fusion  of  biflagellate 
isogametes  formed  in  con¬ 
siderable  numbers  by  the 
division  of  the  protoplast 
of  a  vegetative  cell. 

Palmella  is  of  great  in¬ 
terest  because  it  has  a 
dominant  phase  consisting 
of  a  colony  of  non-motile 
cells  in  which  repeated  veg¬ 
etative  divisions  result  in 
a  large  number  of  vegeta¬ 
tive  cells.  These  features 
are  characteristic  of  most 
of  the  Tetrasporales  and 
are  generally  interpreted 
as  indicating  the  beginning 
of  a  line  of  evolution  which 
has  resulted  in  the  large 
stationary  vegetative  bod¬ 
ies  of  higher  plants.  The 


_  Volvocales  represent  the 

evolution  of  the  motile  phase  of  such  primitive  algae  as  Chlamy- 
domonas.  This  line  of  evolution  is  known  as  the  volvocineline,  and 
any  series  of  forms  showing  the  evolution  of  motile  colonies  is  said 
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to  show  a  volvocine  tendency.  In  a  similar  way  the  Tetrasporaks 
represent  the  development  of  paimelloid  colonies  and  indicate  the 
beginning  of  a  line  of  evolution  in  which  motility  is  restricted  to 
reproductive  stages  and  in  which  there  is  a  development  of  vege¬ 
tative  divisions  of  non-motiie  cells  with  the  production  of  non- 
motile  vegetative  ceils.  This  line  of  evolution  is  called  the  tetra- 
sporine  line,  and  any  series  in  which  the  above  characteristics  are 
prominent  is  said  to  show 
a  tetrasporine  tendency. 

Series  with  volvocine  and 
with  tetrasporine  tenden¬ 
cies  are  found  in  other 


divisions  of  algae  besides 
the  Chlorophyta. 

T eiraspora.  This  genus 
is  very  like  Palmella  except 
that  the  individual  cells 
have  two  long  motionless 
protoplasmic  processes,  or 
pseudocilia,  on  the  side  to¬ 
ward  the  exterior  of  the 
colony  (Kg.  484).  These 
pseudocilia  extend  to  or  be¬ 
yond  the  boundary  of  the 
colony.  Different  species 
have  irregular  gelatinous 
colonies  of  various  sizes  and 
shapra.  Tetraspora  resem- 


Fic.  485.  Apiocystis  brauniana 

Left,  stages  in  development  of  colony  j  cen¬ 
ter,  zoospores  escaping  from  the  colony; 
right,  fusion  of  gametes  to  form  zygote, 
(x  300).  After  Moore 


bles  Palmella  in  that  non-motile  vegetative  cells  readily  change  to  biflagel- 
late  motile  cells  which  swim  out  of  the  parent  colony  and  start  a  new  col¬ 
ony.  When  a  non-motile  cell  becomes  motile  the  pseudocilia  are  discarded 
and  true  flagella  produced.  Also,  as  in  Palmdla,  biflageliate  zoospores  are 
foimed  by  the  division  of  the  protoplast  of  a  non-motile  vegetative  cell, 
and  se^al  reproduction  is  due  to  the  fusion  of  biflageliate  isogametes. 

Apiocystis.  This  alga  forms  microscopic  peat'^haped  colonies  which 
are  attached  to  some  object  by  the  small  end  (Fig.  485).  The  cells  are 
a^anged  near  the  periphery  of  the  colony,  and  each  has  two  pseudocilia 
which  project  from  the  gelatinous  envelope  of  the  colony.  As  in  PdmeOa 
and  Tetraspora,  non-motile  vegetative  cells  may  change  to  motile  ones 
and  leave  the  colony,  biflageliate  zoospores  are  formed  by  the  division 
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of  the  protoplast  of  a  vegetative  cell,  and  sexual  reproduction  takes 
place  by  the  fusion  of  small  biflagellate  isogametes. 

Frasinodadus.  The 
genus  Frasinodadus  is 
an  interesting  member 


of  the  Tetrasporales  be¬ 
cause  it  forms  branched 
colonies,  often  called 
dendroid  colonies  (Fig. 
486).  Perhaps  the  chief 
interest  in  this  curious 
type  of  colony  lies  in 
the  fact  that  dendroid 
colonies  are  found  in 
other  lines  of  evolution 
which  parallel  more  or 
less  the  evolution  in  the 
green  algae.  A  colony 
is  started  by  a  quadri- 
flagellate  zoospore  which 
settles  on  some  substra¬ 
tum,  loses  its  flagella, 
and  secretes  a  gelatinous 
envelope.  After  a  time 
the  outer  layer  of  the 
envelope  may  rupture 
at  the  apex  and  the  con¬ 
tents  move  outward  and 
partially  escape.  After 
this  partial  escape  the 
protoplast  forms  addi- 


Fig.  486.  Prasinocladm 

At  habit  of  colony  (x  220) ;  B,  end  of  a  branch 
in  which  one  cell  has  given  rise  to  four;  C,  a 
zoospore  at  the  end  of  a  branch;  D,  zoospore; 
E-I,  germination  of  zoospore  to  produce  a  col¬ 
ony  ;  J,  tip  of  a  branch  at  the  time  the  terminal 
cell  is  moving  forward.  (After  Davis) 


tional  enveloping  ma¬ 
terial.  When  the  pro¬ 
toplast  which  moves 
upward  divides  into 
two,  branching  results. 
At  times  the  migrating 
protoplast  is  flagellated, 


and  the  protoplast  may 

escape  as  a  quadriflagellate  zoospore  and  swim  away  to  form  a  new  col¬ 
ony,  A  relationship  to  the  very  primitive  green  algae  is  indicated  by  the 
prince  of  an  ey^pot  and  a  cup-shaped  chloroplast  with  a  single  pyxe- 
noid.  At  the  anterior  end  of  the  cell  there  is  a  contractile  vacuole. 
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ORDER  VLOTRICHALES,  FILAMENTOUS  AND  EXPANDED 
GREEN  ALGAE 

Vlothrix,  a  Simple  Filamentous  Green  Alga 

General  characteristics.  Uhihrix  is  a  filamentous  green  alga 
tv  inch  is  frequently  abundant  as  a  hairy  covering  on  stones  in 
slow-running  streams,  ponds,  etc.  The  plant  consists  of  a  single 
unbranched  row  of  cells  (Fig.  487).  The 
cells  are  all  similar  and  capable  of  division 
and  reproduction,  except  the  basal  one 
which  serves  to  attach  the  plant  to  the 
substratum.  Each  cell  contains  a  single 
nucleus  and  a  single  chloroplast  (Fig.  487). 

A  filament  increases  in  length  by  transverse 
divisions  of  the  cells. 

When  a  cell  divides,  the  protoplast  di¬ 
vides  into  two  daughter  protoplasts  as  in 
ChlamydoTnonas  (Fig.  488).  These  daugh¬ 
ter  protoplasts  are  separated  from  each 
other  by  the  formation  of  a  cross  wall 
which  divides  the  mother  cell  in  two. 

Except  for  this  cross  wall,  the  daughter 
cells  are  surrounded  by  the  walls  of  the 
mother  cell.  The  separation  of  daughter  Fic.  487.  Cells  from  fila- 
protoplasts  by  the  formation  of  a  cross  ment  of  Vlothrix 
wall  is  similar  to  what  we  find  in  higher  Note  that  each  cell  con- 
plants  and  is  in  striking  contrast  to  the  ^  single  nucleus  and 

type  of  wall  formation  characteristic  of  ^ 

Chlci-iTiydoTTiotius  and  the  motile  colonies 
related  to  it.  We  have  seen  that  in  these  cases  walls  are  formed 
anew  around  the  entire  protoplasts  of  the  daughter  cells  and  that 
the  w'all  of  the  mother  cell  disintegrates.  In  Ulothrix  a  new  wall 
is  formed  only  between  the  two  daughter  protoplasts,  and  this 
results  in  the  production  of  a  cross  wall  which  is  attached  to  the 
persistent  walls  of  the  mother  cell.  The  division  of  a  cell  into  two 
parts  by  the  formation  of  a  cross  wall  enables  Ulothnx  to  form 
filaments.  Ulothrix  is  filamentous  because  partition  walls  are 
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formed  in  only  one  direction ;  that  is^  transverse  to  the  mother 
ceil.  The  same  type  of  wail  formation  in  two  planes  results  in 
sheets.  Wall  formation  in  three  directions  builds  solid  tissue. 

Asexual  reproductioa  of  Ulothrix.  Asexual  reproduction  takes 
place  by  meam  of  zoospores  with  four  flagella  (Fig.  489).  These 
zoospores  are  similar  to  those  of  Chlamydoinmas  and  the 
sporales^  and  each  contains  a  red  eyespot  and  a  chloroplast.  The 
zoospores  are  formed  from  ordinary  vegetative  cells  by  the  division 


of  the  protoplast  into  a  number  of 
separate  partSj  each  of  which  ac¬ 
quires  the  characteristics  of  a  zoo¬ 
spore.  This  method  of  formation 
is  the  same  as  we  have  observed 
in  zoospore  formation  in  Chlamy- 
domonas.  The  zoospores  escape 
through  an  opening  in  the  cell  wall, 
and,  after  swimming  for  a  time, 
come  to  rest  and  grow  into  new 
plants  (Fig.  489).  In  germinating, 
a  zoospore  elongates  and  is  divided 
into  two  cells  by  a  transverse  di-' 
vision.  Repeated  transverse  divi- 


Fig,  488.  Uhthrix  results  in  the  pro- 

Stagesmdiviaionofprotoplasm  ““  of  a  mato  plant. 

by  cleavage.  Note  nuclei  divid-  SexHEi  reproutictioil#  Ulothfix 
ing  by  mitosis.  (After  Lind)  reproduces  sexually  by  means  of 

biflagellate  gametes.  They  are  pro¬ 
duced  in  the  same  way  as  the  zoospores.  In  structure  they  are 
like  the  zoospores  except  that  the  gametes  never  possess  more 
than  two  flagella,  are  smaller  than  zoospores,  and  are  produced 
in  much  larger  numbers  in  a  cell  (Fig.  489).  Two  gametes  fuse 
to  form  a  single  cell  known  as  a  zygospore  (Fig.  489),  which 
becomes  surrounded  by  a  cell  wall.  After  a  period  of  rest,  the 
zygospore  germinates  and  produces  a  small  single-cell  plant.  The 
protoplast  of  this  divides  to  form  a  number  of  zoospores  which, 
like  other  zoospores,  grow  into  ordinary  vegetative  plants  (Fig.  489). 

The  fact  that  gametes  are  similar  to  zoospores  indicates,  as  in 
CMxmydomorms^  that  gametes  are  modified  zoospores  and  that 
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sexuality  may  have  resulted  in  some  ancestor  of  Ulothrix  through 
a  change  of  non-sexua!  zoospores  into  sexual  gametes. 

In  the  same  species  of  Ulothrix  there  may  be  a  fusion  of  isoga-  • 
meteSj  in  which  case  there  is  no  distinction  of  sex^  or  there  may  be  a 
fusion  of  microgametes  (small  gametes)  and  megagametes  (large 
gametes)  which  .indicates  an  early  stage  in  the  differentiatioii  of  sexes. 


Fig.  489.  Ulothrix 


A,  the  ^formation  of  zoospores;  B,  the  germination  of  zoospores;  C,  the 
formation  and  escape  of  gametes;  B,  the  conjugation  of  gametes;  B,  the 
germination  of  zygospore  with  the  production  of  zoospores.  (Redrawn 
after  Dodei-Port) 

Relationship  of  Ulothrix.  The  similarity  of  reproductive  cells  of 
^  Ulothrix  to  the  mature  individuals,  the  zoospores,  and  the  gametes 
of  Chlamydomonas  and  to  the  motile  reproductive  cells  of  the 
Tetrasporoles  indicates  that  Ulothrix  may  have  been  derived  from 
some  such  form  as  Chlamydomonas  through  the  Teirasporahs.,. 
Not  only  are  reproductive  cells  of  Ulothrix  similar  to  those  of 
Chlamydomonas^  but  the  method  of  division  by  which  they  are' 
formed  is  also  similar. 
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The  great  advance  shown  by  Ulothrix  over  the  TetTaspofales 
is  that  when  daughter  protoplasts  are  produced  by  vegetative  divi¬ 
sions,  the  only  new  w'alis  formed  are  cross  walls  which  serve  to 
told  the  daughter  cells  together.  This  results  in  the  production 
of  a  filamentous  plant  body.  The  chief  differ¬ 
ence  betw-een  the  Tetrasporales  and  Ulothrix  is 
thus  in  vegetative  structure  rather  than  in  the 
methods  of  reproduction.  There  are,  however, 
genera  with  vegetative  forms  intermediate  be¬ 
tween  the  irregular  gelatinous  colonies  of  such 
types  as  Palmella  and  the  filaments  of  Ulothrix. 
These  intermediate  forms  may  suggest  the 
course  followed  by  the  ancestors  of  Ulothrix. 
One  of  these  is  shown  in  Fig.  490. 

In  Ulothrix  cell  division  is  always  in  the 
same  plane ;  but  in  some  advanced  green  algae 
Fig  490  Geminella  division  in  more  than  one  plane  results  in  va- 
'  imterrupta.  (x  4tBG}  rious  types  of  branched  filaments  and  sheets. 

After  Lagerheim  The  same  method  of  division  makes  possible 
the  complicated  types  of  plant  body  which  we 
find  in  flowering  plants. 

In  Ulothrix  we  see  the  two  prominent  characteristics  of  the 
tetrasporme  line.  The  non-motiie  phase  is  dominant,  with  motility 
confined  to  reproductive  ceils,  and  there  is  a  considerable  develop¬ 
ment  of  vegetative  divisions.  Thus  Ulothrix^  its  relatives,  and 
their  descendants  represent  a  continuation  of  the  tetrasporme  line 
of  evolution. 

Various  Vlotrichales 

General  characteristics.  Ulothrix  is  a  very  primitive  represent¬ 
ative  of  a  large  order  of  green  algae,  the  Ulotrichales.  The  most 
primitive  of  the  Ulotrichales  are  unbranched  filaments.  Some 
forms  are  simple  branched  filaments ;  others  have  a  complicated 
branching  system  consisting  of  a  prostrate  creeping  part  from 
which  erect  branches  arise  ;  still  others  are  in  sheets  which  in 
places  may  be  several  ceils  in  thickness.  In  the  order  we  find 
sexual  ■  reproduction  by  the  fusion  of  isogametes,  the  fusion  of 
heterogametes  (gametes  of  different  sizes),  and  the  fertilization  of 
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eggs  by  spermatozoids.  Asexual  reproduction  takes  place  in  vari¬ 
ous  waySy  including  the  fragmentation  of  the  plant  body  and  the 
formation  of  zoospores  and  of  aplanospores  and  akinetes.  Aplano- 
spores  are  thick-walled  spores  which  are  formed  within  a  vegetative 
ceil  and  are  surrounded  by  a  wall  which  is  distinct  from  that  of  the 


Fig.  491.  Stigeochnium  flagelliferum 

Aj  branches  in  a  fairly  young  stage;  zoosporangium  with  zoospores;  Cj 
zoospores ;  D,  gametangia  with  gametes ;  gametes ;  F,  fusion  of  gametes ; 
(j,  palmella  stage.  (X  300).  After  Tilden 


cell  in  which  it  is  contained.  An  akinete  is  a  thick-waUed  spore  in 
the  formation  of  which  an  entire  vegetative  cell,  including  the  cell 
w^ali,  takes  part. 

Siigeodonmm,  Stigeoclonium  is  a  filamentous  alga  with  a  cusMonlike 
basal  portion  from  which  spring  numerous  rather  sparingly  branched  erect 
filaments  (Fig.  491),  The  cells  have  many  points  in  common  with  those  of 
Ulothrix.  Asexual  reproduction  is  by  means  of  zoospores  which  develop 
from  vegetative  cells.  Vegetative  reproduction  is  also  due  to  aplanospores 
and  akinetes.  Sexual  reproduction  is  by  the  fusion  of  biflagellate  iso- 
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gametes.  Stigeoclonium  often  changes  to  a  palmelia  stagej  in  which  it 
multiplies  vegetatively.  The  presence  of  this  pahnella  stage  and  the  simi¬ 
larity  of  the  reproductive  cells  to  those  of  Chlamydomonas  indicate  thatj 
just  as  in  the  case  of  UMkrix^  Stigeoclonium  was  derived  through  the  Tetra- 
sporales  from  some  form  resembling  Chlamydomonas. 


Fig.  492.  Drapamaldm 

Center,  method  of  branching  (x  65);  lower  left,  escape  of  zoospores;  lower 
nght,  zoospores.  Note  two  contractile  vacuoles,  eyespot,  and  cup-shaped 
ehloroplast.  (Lower  figures  after  Johnson) 

^  Drapamaldm.  Species  of  Drapamaldm  are  like  Stigeoclonium  in  hav- 
erect  parts.  In  the  erect  part  there  is  a  conspicuous 
^erentiation  between  large  main  branches  and  smaller  side  branches 
(Fig  492)  Asexual  reproduction  is  by  quadriflagenate  zoospores  which 
are  formed  in  the  ceils  of  the  small  branches  (Fig.  492).  A  zoospore  has  a 
mgk  chloropkst  mth  one  or  more  pyrenoids,  an  eyespot,  and  two  con¬ 
tractile  vacuoles  which  contract  alternately.  The  zoospores,  therefore. 
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lia¥€  characteristics  wMch  are  very  simiiar  to  those  of  the  most  primitive 
green  algae.  Although  DraparmMia  shows  a  very  high  degree  of  vegetative 
differentiation j  it  indicates  the  character  of  the  primitive  green  algae 
from  which  it  appears  to  have  been  derived  when  it  produces  zoospores* 
DraparmMia  reproduces  sexuaEy  by  the  fusion  of  quadriflageliate 
gametes. 


Fig.  493,.  Ulvu  lactucm 

A,  habit  of  young  plant ;  surface  view  of  vegetative  portion,  showing  cel- 
Mar  structure ;  C,  cross  section ;  B,  longitudinal  section  where  ceils  are  be¬ 
ginning  to  form  tubular  filamentS'j  section  of  base  showing  holdfasts  com¬ 
posed  of  filaments  formed  by  outgrowths  of  ceils.  (A,  X  B-B,  X  150). 

After  Thuret 

Ulva.  Ulm  is  a  marine  alga  which  consists  of  a  large  sheet  two 
cells  in  thickness  and  frequently  several  meters  in  length  (Fig.  493). 
Asexual  reproduction  is  by  means  of  zoospores  (Fig.  494).  These 
are  formed  .in  ordinary  vegetative  cells  by  the  dividing  up  of  the 
protoplast  and  the  metamorphosis  of  the  divided  parts  into  zoo¬ 
spores,  which  escape  through  an  opening  in  the  cell  wall  Sexual 


Fic.  495.  Ulva  lactuca 

Left,  surface  view  of  cells  forming  gametes ;  center,  section  tiirough  cells  con¬ 
taining  gametes  and  others  from  which  gametes  have  escaped  (x  200).  Upper 
right,  gametes  and  fusion  of  gametes ;  lower  right,  germination  of  zygote 
(x  450).  After  Thuret  and  Borzi 
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reproduction  is  by  means  of  biflagellate  isoganietes,  wMch  are 
formed  from  vegetative  cells  in  much  the  same  way  as  are  the 
zoospores  (Fig.  495). 

Two  gametes  fuse  to  form  a  zygote,  which  germinates  immedi“ 
ateiy  to  give  rise  to  a  thallus  that  produces  only  zoospores.  These 
in  turn  give  rise  to  thalli 
that  produce  only  gametes 
and  not  zoospores.  Thus 
in  the  life  history  of  Uha 
there  is  an  alternation  of 
plants  ^  which  reproduce 
asexuaily  by  means  of  zoo¬ 
spores  and  plants  w^hich 
form  gametes  and  not 
zoospores.  The  asexual 
and  sexual  plants  look 
alike^  and '  so  w^e  cannot 
tell  them  apart  except 
when  they  are  producing 
reproductive  cells. 

The  sexual  plants  have 
a  single  or  haploid  num¬ 
ber  of  chromosomes,  while 
the  asexual  ones  have  a 
double  or  diploid  number. 

As  the  gametes  are  derived 
from  sexual  plants  with 
the  haploid  number  of 
chromosomes,  the  gametes 
also  have  the  haploid  num¬ 
ber.  '  When  two  gametes 
fuse,  the  resulting  zygote 
has  the  diploid  number. 

A  zygote,  on  germination,  gives  rise  to  an  asexual  thallus  with 
the  same  number  of  chromosomes  as  the  zygote  (diploid).  When 
these  plants  produce  zoospores  the  number  of  chromosomes  is 
reduced  so  that  the  zoospores  have  a  haploid  number  and  give 
rise  to  sexual  plants  with  a  haploid  number.  There  is  thus  an  alter- 


Fig.  496.  Diagram  showing  alternation  of 
generations  in  life  history  of  Ulva  Imtiuca 

Above  is  an  asexual  plant.  Below  are  the 
two  kinds  of  sexual  plants  which  are  desig¬ 
nated  +  and  —  ,  The  zoospores  from  the 
asexual  plant  give  rise  to  sexual  plants. 
These  produce  gametes  which  fuse  to  form 
a  zygote  the  germination  of  which  results 
in  an  asexual  plant 
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nation  not  only  of  asexual  and  sexual  plants,  but  of  asexual  plants 
with  a  diploid  number  of  chromosomes  and  sexual  plants  with  a 
haploid  number.  This  alternation  is  known  as  the  alternation  of 
generations ;  that  is,  an  alternation  of  a  diploid  asexual  generation 
and  a  haploid  sexual.one.  This  alternation  of  generations  is  a  very 
important  feature  in  botanical  studies,  as  it  is 
characteristic  of  most  brown  and  red  algae  and 
of  bryophytes  and  all  higher  plants. 

In  Ulva  all  the  gametes  look  alike,  so  that  we 
can  hardly  speak  of  male  and  female  gametes. 
However,  there  are  really  two  kinds  of  sexual 
plants,  although  they  look  alike  and  produce 
gametes  that  look  alike.  This  is  shown  by  the 
gametes  in  fusing.  Gametes  from  the  sameThallus 
or  from  thaili  of  the  same  kind  will  not  fuse  with 
each  other,  while  those  from  different  kinds  will 
fuse.  There  is  thus  an  alternation  of  an  asexual 
plant  and  two  kinds  of  sexual  ones  (Fig.  496). 
This  condition  is  general  in  algae  with  an,  alter¬ 
nation  of  generations. 

The  basal  portion,  or  holdfast,  of  Ulva  is  differen¬ 
tiated  in  a  very  peculiar  manner.  The  cells  of  the  lower 
part  of  the  thaUus  produce  tubular  outgrowths  which 
grow  downward  between  the  two  layers  of  cells  of  the 
thalius  (Fig.  493).  These  outgrowths  of  the  cells  are 
interlaced  and  make  the  lower  portion  of  the  thallus 
strong.  Near  the  base  they  emerge  and  form  a  stout 
FigA91.  Emerty  holdfast.  ^  . 

morpha  intesii-.  Related  to  Ulva  is  the  genus  Enteromorpha  (Fig.  497). 
mdh,  a  relative  The  thallus  is  a  hollow  tube  with  a  wall  one  ceU  in  thick- 
©f  UlvtL^  (X  J)  This  tube  is  formed  by  the  separation  of  two  lay¬ 

ers  such  as  we  see  in  Ulva.  In  Enteromorphaj  as  in  Ulva^ 
al  plants  are  alike,  but  there  is  an  alternation  of  asexual  plants  repro¬ 
ducing  by  zoospores  and  sexual  plants  producing  gametes.  In  those 
species  which  have  been  studied,  the  gametes  of  a  fusing  pair,  as  we 
have  seen  to  be  the  case  in  Ulva,  come  from  different  plants.  In  one 
species  of  Enteromorpha  the  gametes  which  fuse  with  each  other  are 
heterogametes  (Fig.  4981;  that  is,  one  is  large  and  the  other  is  small, 
indicating  a  differentiation  of  sex.  Here  we  again  see  the  tendency  of 
various  lines  of  algae  to  develop  a  differentiation  of  sex. 
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Relationsliip  of  Uivu.  Although  Ulvu  is  a  much  larger  plant 
than  UMhriX;  the  similarity  of  the  ceils  and  particuiariy  of  the 
gametes  and  zoospores  in  the  two  indicates  that  they  are  related, 
and  that  Ulm  is  simply  a  more  advanced  form  of  Uloihrix.  The” 
difference  between  the  structure  of  the  plant  body  of  Uldhriz  and 
of  Uha  and  its  relatives  is,  however,  so  great  that  some  botanists 
prefer  to  place  Uba  and  its  relatives  in  a  separate  order,  the 
Ulvales. 


Fic.  498.  Enieromorpha  intestitmUs 

Upper  line,  large  and  small  gametes,  their  fusion  to  form  a  zygote,  and  the 
germination  of  the  zygote.  Note  conspicuous  eyespot  and  the  pyrenoid  in 
the  chioropiast.  Lower  line,  zoospore  and  its  germination.  (Gametes  and 
zoospore,  X  1250).  After  Kylin 

Coleochaete 

General  characteristics.  Coleochmie  is  a  small  alga  that  usually 
grows  epiphytically  on  other  water  plants.  It  is  of  great  interest 
because  of  the  fact  that  it  exhibits  highly  developed  oogamy,  as  it 
has  large  non-motile  eggs  which  are  fertilized  by  small  motile 
spermatozoids.  Coleochaete  consists  of  branching  filaments.  In 
some  species  all  the  filaments  are  prostrate  and  radiate  from  a 
center  (Fig,  499).  These  filaments  are  often  so  close  together  as  to 
form,  a  continuous  sheet.  Asexual  reproduction  is  by  means  of 
biflagellate  zoospores  which  are  formed  singly  within  a  cell  (Fig. 
500). 

Sexual  reproduction.  The  eggs  of  Cohockaete  are  borne  singly 
in  special  cells  or  oogonia  (Figs.  499,  501)  which  are  formed  by  end 
cells  of  branches.  In  one  species  a  long  slender  projection  called  a 
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trichogyne  projects  from  the  oogonium  (Fig.  501,  502).  In  other 
species  the  projection  is  at  most  a  small  papilla.  After  the  forma¬ 
tion  of  an  oogonium  the  vegetative  cells  continue  to  grow,  so  that 
in  disk  forms  of  Coleochaete  the  oogonium  soon  comes  to  be  well 
within  the  margin  of  the  disk  (Fig.  499). 


Fig,  499.  A  disk  form  of  Coleochaete 

Note  that  it  is  composed  of  branching  filaments  which  are  so  close  together 
as  to  produce  the  appearance  of  a  solid  sheet.  The  dark  bodies  are  fertilized 
eggs.  These  are  overgrown  to  various  extents  by  snrroxmding  ceUs.  (x  150) 

The  spermato2oids  are  biflagellate,  and  are  formed  singly  in 
small  specialized  cells,  the  antheridia  (Fig.  502).  In  disk  forms  the 
antheridia  are  produced  by  the  division  of  vegetative  cells  (Fig.  ^3). 

After  leaving  an  antheridium,  a  spermatozoid  swims  around. 
If  it  reaches  an  oogonium,  it  may  enter'  through  an  opening  pro- 
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duoed  by  the  gelatinization  of  the  wall  at  the  tip  of  the  papilla  or 
trichogyne.  The  fert.ilized  egg  enlarges  considerably  and  becomes 
surrounded  by  a  thick  wall  to  form  an  oospore.  During  the  growth 
of  the  oospore^  branches  from  the  ceil  at  the  base  of  the  oogonium 
and  from  the  surrounding  cells  grow  up  over  the  oogonium  and 
form  a  sterile  covering  around  it  (Figs.  499,  501,  502).  The  oospore 
is  very  resistant  to  adverse  conditions,  and  may  remain  throughout 


Upper  line,  escape  of  zoospores  (x  340).  Lower  left,  zoospore  drawn  to  show 
cMoropiast ;  lower  right,  zoospore  drawn  to  show  nucleus  and  not  cMoropIast 
(X  9CK)).  After  Wesley 

the  winter  season  without  germinating.  On  germination,  the 
contents  divide  up  to  form  sixteen  or  thirty-two  cells  (Fig.  501) 
within  each  of  which  a  zoospore  is  produced. 

The  thalus  of  Coleochade  has  the  haploid  number  of  chromosomes. 
When  an  egg  is  fertilized  by  a  spermatozoid  the  diploid  number  results. 
This  number  is  reduced  and  the  condition  becomes  haploid  during  the  first 
two  divisions  of  the  germinating  oospore,  so  that  during  the  further  de¬ 
velopment  of  the  cell  mass  which  results  from  the  germination  of  the 
oospore  there  is  a  haploid  number  of  chromosomes.  In  Coleochade  them 
is,  then,  nothing  which  can  be  interpreted  as  an  alternation  of  a  haploid 
sexual  generation  and  a  diploid  asexual  one.  In  Cokochaete  there  is  an 
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alternation  of  a  sexual  generation  producing  eggs  and  spermatozoids  and 
the  development  of  an  asexual  cellular  mass  with  the  production  of  zoo¬ 
spores.  This  cannot,  however,  be  interpreted  as  a  true  alternation  of 
generations. 


Fig.  501.  Coleochaete  pulvinata 

A,  portion  of  a  plant  showing  oogonium  with  trichogyne  (t) ;  B,  the  trichogyne 
of  the  oogonium  (o)  has  opened ;  C,  male  and  female  nuclei  are  together  in  the 
oogonium ;  B,  section  of  fertilized  oogonium  surrounded  by  cells  produced  by 
neighboring  Aments ;  section  of  cellular  mass  formed  by  germinating  of 
oospore.  (After  Oltmanns) 

Coleochaete  is  a  member  of  the  UhtrichaleSj  and  shows  a  high 
differentiation  in  sexual  reproduction.  In  most  of  the  UlotrichaUs 
sexual  reproduction  is  due  to  the  fusion  of  isogametes,  but  hetero¬ 
gametes  are  also  known  (Fig.  498).  We  find,  therefore,  that  in  the 
UlotrichcdeSj  Just  as  in  the  Volvoeales^  there  are  various  stages  in 
the  differentiation  of  sex.  As  far  as  we  can  tell,  the  oogamy  of 
Volmx  and  that  of  Coleochaete  were  developed  entirely  inde- 


Fig.  502.  Coleochaete  pulvinMa 

D,  portion  of  a  plant,  showing  oogonium  in  various  stages  of  development  and 
also  antheridia,  which  are  the  small  cells  at  the  ends  of  filaments;  .4,  B, 
growth  of  neighboring  filaments  around  the  oospore;  E,  spermatozoids! 
(After  Pringsheim) 


Fig.  503.  Coleochaete  scutaZa 

Portion  of  a  plant  showing  antheridia  from  some  of  which  the  spennatozoids 
have  escaped.  The  antheridia  are  the  small  ceils  below  the  center  of  the 
drawing.  (After  Pringsheim) 
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pendently :  for  Vohox  is  the  culmination  of  the  volvocine  line  of 
evolution,  while  Coleochaete  represents  a  high  degree  of  sexual  dif¬ 
ferentiation  in  the  tetrasporine  line.  These  are  by  no  means  the 
only  cases  of  the  independent  development  of  oogamy.  In  fact,  it 
appears  that  such  a  development  has  taken  place  many  times  in  the 
plant  kingdom. 

Protococcus 


General  characteristics.  Proiococcus  is  one  of  the  commonest, 
if  not  the  most  common,  of  all  green  algae,  and  is  one  of  the  most 
widely  distributed  and  most  numerous  of  all  plants.  It  is  also  a 

very  simple  plant,  per¬ 
haps  the  simplest  of  all 
green  algae  (Fig,  504). 
Students  of  the  algae, 
however,  are  generally 
agreed  that  the  sim¬ 
plicity  of  Protococcus 
is  due  to  its  being  a 
reduced  rather  than  a 
primitive  form.  An  in¬ 
dividual  Protococcus  is 
either  a  single  cell  or  a 
thallus  of  a  few  cells; 
that  is,  two  or  three 
or  four  and  sometimes 
a  few  more.  Each  cell 
has  a  nucleus  and  a 
single  chloropiast.  The 
cells  readily  separate 
from  each  other.  Pro- 
tococcus  is  often  found 
as  a  green  coating  on  damp  places,  particularly  on  trees,  stones, 
walls,  etc.  The  only  method  of  reproduction  known  in  Protococcus 
is  the  division  of  one  cell  into  two  and  the  separation  of  the 
resulting  cells.,  ■  , 

Neither  sexual  reproduction,  motile  cells,  nor  any  special  form  of 
reproduction  is  known  in  Proiococcus,  That  this  condition  is  not 


Fig.  504.  Protococcus,  a  green  alga  which  is  com¬ 
mon  as  a  green  coating  on  tree  trunks  and  stone 
walls.  (X  2470) 

Ay  a  single  cell ;  B,  a  plant  consisting  of  two  cells ; 
C,  a  plant  composed  of  four  cells;  B,  a  group 
of  separate  cells.  Note  the  large  chloropiast  in 
each  cell 
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primitive  is  indicated  by  many  facts.  Motility  is  characteristic  of 
the  flagellates^  from  which  green  algae  appear  to  be  descended. 
The  most  primitive  green,  algae,  of  which  Chlumydmmnas  may  be 
regarded  as  a  type  and  from  which  radiate  various  lines  of  evolu¬ 
tion,  are  characterized  by  motility  and  sexuality.  Moreover^  the 
method  of  ceil  division  in  Pmiococcus  is  not  primitive.  In  the  most 


habit  (x  f).  B,  portion  of  a  plant  (x  6).  C,  portion  of  chloroplast  in  very 
young  ceil ;  note  that  it  is  reticulate  with  many  pyrenoids.  B,  portion  of  ma¬ 
ture  cell  j  five  nuclei,  which  are  the  large  light-colored  structures,  are  visible. 
The  pyrenoids,  which  are  mostly  oval  and  are  shown  as  darker  than  the  nuclei, 
are  very  numerous 

primitive  green  algae  division  is  not  due  to  the  formation  of  a  cross 
wall  but  to  the  division  of  the  protoplast  itself;  each  daughter 
protoplast  then  surrounds  itself  with  a  new  wall,  and  the  waM  of 
the  mother  cell  disintegrates.  The  more  specialized  type  of  cell 
division  that  we  have  in  the  vegetative  divisions  of  the  Ulotrichales 
is  characterized  by  the  formation  of  a  cross  wall  across  the  cell.  It 
is  this  method  of  cell  division  by  cross-wall  formation  that  we  find 
in  Protococcus.  The  most  primitive  algae  are  unicellular,  while 
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Pfoiococcu^  stows  relationship  to  the  Ulotvicholss  by  the  fact  that 
it  may  be  multicellniar  owing  to'  the  formation  of  cross  walls. 
Moreoveri  these  walls  are  not  confined  to  one  plane  as  in  Ulothrix 
blit  are  formed  in  different  planes,  a  characteristic  of  the  more 

highly  developed  Ulotrichales. 

Protococcus  affords  a  good  ex¬ 
ample  of  the  fact  that  evolution 
does  not  always  proceed  toward 
complexity.  As  it  shows,  cross- 
wall  formation  in  more  than  one 
plane,  it  seems  that  it  must  be 
descended  from  some  fairly  com¬ 
plex  member  of  the  Ulotrichales, 
and  that  therefore  its  ancestors 
had  sexual  reproduction  and  had 
also  asexual  reproduction  by 
means  of  zoospores.  The  sim¬ 
plicity  of  Protococcm  may  be 
connected  with  its  change  to  a 
terrestrial  habi^t.  Certainly, 
delicate  branched  algae  could 
not  survive  in  situations  where 
Protococcus  grows.  If  success  is 
to  be  judged  by  the  existence  of 
enormous  numbers  of  individu¬ 
als  over  a  large  part  of  the  earth, 
then  Protococcus  is  an  exceed¬ 
ingly  successful  alga. 

Fi€.  506.  Chdopkora 

Left,  gametangia  with  biflagellate  Cladophora 

gametes;  right, zoosporangia with 

qmdiiflagdlate  zoospores  The  thalius  of  Clodophora  is  a 

branching  filament  in  which  the.  cells 
are  very  long  in  shape  (Fig.  505).  Asexual  reproduction  is  by  means  of  quad- 
rifiagellate  mospores  (ilg.  506).  Sexual  reproduction  is  by  the  fusion  of 
bifiag^te  isogametes  (Fig.  506).  Both  zoospores  and  gametes  are  formed, 
by  the  division  of  the  contents  of  vegetative  cells.  Cladophora  is  of  interest 
because  each  cel  contains  many  nuclei,  and  also  because  there  is  an  alter¬ 
nation  of  generations  in  its  life  history.  Both  generations  are  alike  in 
appearance;  but  one  produces  zoospores  and  the  other  gametes.  The 
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ORDER  OEDOGONIALES 
Oedogofiium 


General  characteristics.  Oedogoniu7n  is  a  very  common  and 
widely  distributed  alga^  and  is  an  excellent  example  to  illustrate 
highly  developed  sexual  reproduction  in  which  a  large  non-motiie 


Fig.  508.  Filament  of 
Oedogonium 

Belowis  a  large  rounded 
oogonium,  and  above 
are  four  small  ceils,  the 
antheridia.  (x  240) 


egg  is  fertilized  by  a  small  motile  spermato- 
zoid.  For  these  reasons  Oedogonium  is  a 
classic  example  of  oogamous  reproduction. 
The  Oedogo7iium  plant  consists  of  an  un¬ 
branched  filament  which,  when  young,  is 
attached  to  the  substratum  by  a  basal  cell 
developed  as  a  holdfast  (Fig.  507).  When 
the  filaments  become  older  they  may  float 
freely  in  the  water  (Fig.  508).  Each  ceil 
contains  a  single  nucleus  and  a  single  large 
chloroplast,  which  is  near  the  wall  and  com¬ 
pletely  encircles  the  more  central  portion  of 
the  ceil  contents.  The  chloroplast  is  reticu¬ 
late  and  composed  of  anastomosing  strands 
(Figs.  507,  508).  The  chloroplast  has  many 
pyrenoids,  which  are  located  at  the  points 
where  the  strands  join  each  other.  Starch  is 
formed  around  the  pyrenoids  (Fig.  509). 

Cell  division.  The  method  by  which  the  cells 
of  Oedogonium  divide  is  very  different  from  that 
seen  in  any  other  known  plant  except  in  two 
closely  related  genera  (Fig.  509).  In  Oedogonium, 
before  division,  the  nucleus  migrates  toward  the 
apical  end  of  the  cell.  During  the  early  stages  of 
division  a  ring,  generally  believed  to  be  of  hemi- 
cellulose,  appears  on  the  inner  surface  of  the  cell 


wall  near  the  apical  end  (Fig.  509  B) .  Soon  a  groove 
appears  in  this  ring  where  the  ring  touches  the  cell  wall  On  either  side  of 


the  groove  the  ring  remains  joined  to  the  cell  wall  of  the  mother  cell,  and  the 
ring  enlarges  (Fig.  509  C) .  Meanwhile  the  nucleus  has  divided.  The  division 


of  the  nucleus  is  followed  by  a  transverse  division  of  the  protoplast  (Fig. 
509  F?).  The  mother  cell  wall  now  ruptures  opposite  the  groove,  and  the 
ring  stretches  out  (Fig.  509 F).  The  two  daughter  protoplasts  elongate  until 
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the  lower  one  occupies  approximately  that  portion  of  the  cel!  which  is 
surrounded  by  the  old  wall  of  the  mother  cell  while  the  upper  protoplast 
fills  that  portion  surrounded  by  the  wall  formed  from  the  elongation  of  the 
ring  and  the  very  small  portion  of  the  mother  cell  which  wa,s  abo¥e  the 
ring  (Fig.  509  G),  This  portion,  is  plainly  seen  as  a  cap  at  the  apex  of  the 
cell  When  an  apical  e,iid  has  taken  part  in  several  dmsions  it  is  surrounded 
by  a  series  of  ringlike  markings  around  the  tip,  each  ring  being  formed  by 


Fig.  509.  Oedogonium 

Aj  vegetative  cells,  showing  character  of  protoplast  with  pyrenoids;  B~4x 
successive  stages  in  cell  division,  (x  WO).  After  A,liashi 


a  different  division.  The  two  daughter  protoplasts  resulting  from  the 
division  of  a  single  ceil  are  finally  separated  from  each  other  by  the  secre¬ 
tion  of  a  ceil  wall.  This  is  joined  to  the  mother  ceil  waU  at  approximately 
the  place  where  the  lower  part  of  the  wall  of  the  mother  cell  Joins  the  wal 
formed  by  the  stretching  of  the  ring. 

Asexual  reproductioii.  Asexual  reproduction  is  by  zoospores^ 
which  are  formed  singly  in  vegetative  cells  (Fig.  507).  The  zoo¬ 
spores  are  egg-shaped  structures.  The  anterior  region  is  clear  and 


Fig.  510.  Oedogonium  -  - 

A  represents  the  escape  of  spermatozoids ;  B-Ej  fertilization;  F,  oospore; 
G-Ii  escape  of  contents  of  oospore ;  /,  F,  formation  of  zoospores.  (A  redrawn 
after  Him;  the  remainder  redrawn  after  Jnranyi) 
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attach  themselves  on  or  near  the  oogonia^  and  each  grows  into  a 
dwarf  male  which  consists  of  only  one  or  a  few  cells. 

ReiationsMp.  Oedogonium  belongs  to  the  small  order  Oedogo^ 
nialeSy  which  contains  only  three  closely  related  genera.  Another 
common  genus  of  this  order  is  Bulhochaeiej  in  which  the  plant  con¬ 
sists  of  a  branching  filament  (Fig.  515).  Buibochmte  gets  its  name 
from  the  fact  that  most  of  the  cells  bear  a  long  hair  with  a  bulbous 
base.  The  Oedogoniales  seem  clearly  to  be  related  to  other  green 
aigaCj  because  they  have  the  green  color  so  characteristic  of  the 
group,  and  also  because  they  store  food  in  the 
form  of  starch.  The  Oedogoniales  resemble 
the  Ulotfichales  in  that  each  cell  has  a  single 
nucleus  and  a  single  cMoroplast ;  also  in  that 
the  cells  are  arranged  in  unbranched  and 
branched  filaments.  However,  the  method 
of  ceil  division  in  the  Oedogoniales  and  the 
presence  of  a  circle  of  flagella  on  the'^tootiie 
cells  are  features  which  are  very  different 
from  any  found  in  the  UMrichales ;  they  are 
so  distinctive  as  to  indicate  that  the  Oedogmi- 
ales  represent  a  different  line  of  evolution  from 
that  seen  in  the  UlotrichaleSj  but  one  which 
has  paralleled  the  latter  in  various  features. 

Many  botanists  believe  that  the  Oedogoniales 
are  descended  from  different  uniceilular  green 
algae  from  those  which  produced  the  Volvo- 
cales  and  UMrichales.  In  the  Oedogoniales  there  is  a  highly  de¬ 
veloped  differentiation  of  sex  in  that  large  non-motile  eggs  are 
fertilized  by  small  motile  spermatozoids.  Sexual  differentiation 
in  the  Oedogoniales  appears  to  have  developed  independently  of 
any  similar  differentiation  of  which  we  know.  This  is  not  sur¬ 
prising  in  view  of  the  fact  that  differentiation  of  sexes  has  been 
developed  independently  many  times  in  the  plant  kingdom. 


Fig.  5 15.  Bulhmhaete 
mimmsh  i  X  21)0) 

After  Him 
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ORDER  com UG ALES,  THE  CONJUGATING  GREEN  ALGAE 
Spirogyra 

General  characteristics.  A  Spirogyra  plant  consists  of  an  un- 
branched  ilament  composed  of  similar  cells  joined  end  to  end 
(Fig.  516).  Each  of  the  cells  contains  one 
or  more  chloropiasts.  These  chloroplasts 
have  the  form  of  spiral  bands.  In  each 
chloroplast  there  is  a  row  of  conspicuous 
rounded  pyrenoids.  There  is  a  single  nu¬ 
cleus,  which  is  in  the  center  of  the  cell,  and 
which  is  often  plainly  visible.  Most  of 
the  interior  of  the  cell  is  occupied  by  a 
large  vacuole.  The  cytoplasm  lines  the 
cell  wall,  surrounds  the  nucleus,  and  ex¬ 
tends  as  fine  strands  from  the  cytoplasm 
around  the  nucleus  to  the  peripheral  cyto¬ 
plasm.  The  cells  of  a  Spirogyra  filament 
are  alike  not  only  in  structure  but  also  in 
function.  Each  cell  performs  all  the  vege¬ 
tative  functions  of  the  plant.  Every  cell 
absorbs  water,  carbon  dioxide,  and  min¬ 
eral  matter ;  every  cell  carries  on  photo¬ 
synthesis;  and  every  cell  has  the  power 
of  growing  and  dividing.  A  filament  grows 
by  the  division  of  its  cells  and  the  subse¬ 
quent  elongation  of  the  daughter  cells. 
One  filament  may  break  into  two  and  thus 
form  two  filaments. 

Fic.  516.  A  cell  of  Spiro-  '  Reproduction  of  Spirogyra.  Sexual  re- 
gyro.  Cx  425)  production  in  Spirogyra  is  by  conjugation, 
which  is  a  union  of  two  similar  or  nearly 
similar  cells  to  form  a  zygospore.  In  most  species  this  process  is 
initiated  by  two  filaments  coming  to  lie  side  by  side.  Projections 
then  grow  singly  from  the  cells  of  each  filament  to  those  of  the 
opposite  filament  (Fig.  517).  When  the  projections  from  opposite 
cells  come  in  contact,  the  walls  between  them  are  absorbed  so  that 
a  tube  connects  a  cell  of  one  filament  with  a  cell  of  the  opposite 
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filament.  The  protoplasm  of  one  cell  then  moves  through  the  tube 
to  the  opposite  cell  and  fuses  with  the  protoplasm  of  that  cell. 
When  conjugation  occurs^  it  is  not  confined  to  one  or  a  few  ceils j 
but  a  large  proportion  of  the  cells  in  the  filaments  concerned  con¬ 
jugate  at  approximately  the  same  time.  Usually  ail  the  ceils  of  a 
filament  behave  alike  in  sexual  fusion ;  for  example,  if  one  ceil  of  a 
filament  retains  its  contents  and  receives  the  protoplasm  from  the 


Fig.  517.  Spimgyrm 

Successive  stages  in  conjugation  and  formation  of  zygospore  (X  165)  and 
germination  of  zygospore 


opposite  ,  cell,  all  cells  in  the  same  filament  do  likewise.  If  the 
filaments  having  only  receiving  cells  can  be  considered  as  indicat¬ 
ing  a  female  condition,  Spirogyra  shows  what  may  be  regarded  as 
a  very  slight  differentiation  of  sexes. 

The  fusion  of  the  protoplasm  of  two  cells  results  in  the  forma¬ 
tion  of  a  zygospore,  which  surrounds  itself  with  a  thick  wail  (Fig. 
517).  The  gametes  of  Spirogyra  and  of  the  other  Conjugales  are 
exceptional  among  the  green  algae  in  that  they  lack  flagella  and 
have  amoeboid  movements.  The  entire  absence  of  flagellated  cells 
and  the  presence  of  amoeboid  gametes  are  very  characteristic 
features  of  the  CmjugaUg. 
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The  thick  walls  of  the  zygospores  can  withstand  adverse  condi¬ 
tions.  The  vegetative  cells  of  Spirogyra  are  killed  quickly  by  dry¬ 
ing,  while  zygospores  may  be  dried  for  considerable  periods  and 


Fig.  518.  Germination  of  zygospore  of  Spirogyra 
After  Pringsheim 


still  germinate  under  favorable  conditions.  In  consequence,  the 
zygospores  can  be  transported  from  one  body  of  water  to  another, 
or  when  the  water  in  a  pool  dries  up  they  can  survive  until  they  are 
again  surrounded  by  water.  The  wall  of  the  zygospore  of  Spirogyra 
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is  composed  of  three  layers.  When,  the  zygospore  germinates  the 
two  outer  layers  are  ruptu.red,  and  the  protoplast  of  the  zygospore^ 
surrounded  by  the  innermost  layer  of  the  w'a,il,  then  grows  out  to 

form,  a  filament  (Fig.  518). 

Mticlear  fosion  .and  dM- 
sion  within  the  zygospore. 
The  two  nuclei  derived  from 
the  two  con,jugating  cells  of 
Spimgyra  fuse  within  the 
zygospore  to  form  the  zy¬ 
gospore  nucleus.  The  zygo¬ 
spore  nucleus  di\4des  to 
form  four  nucleij  three  of 
wiiich  degenerate,  while  one 
persists  and  becomes  a  nu¬ 
cleus  for  the  young  plant 
which  grows  from  the  zygo¬ 
spore.  The  cells  of  the 


Fic.  519.  Stages  in  the  conjngatioii  of 
Spirogyra 

Successive  stages  in  ,conjugation  in  a  spe¬ 
cies  in  which  conjugation  takes  place  be¬ 
tween  two  neighboring  cells  of  the  filament ; 
the  lowest  figure  shows  a  mature  zygo¬ 
spore.  (X  200) 

filaments  of  Spirogyra  are  haploid,  while  the  zygospore  nucleus  formed  by 
the  fusion  of  the  nuclei  of  the  two  gametes  is  diploid.  The  number  of  chro¬ 
mosomes  is  reduced  during  the  division  of  the  zygospore  nucleus  to  form 
four  nuclei.  The  vegetative  filament  which  grows  from  the  ,z,ygos,pore  is 
therefore  haploid. 

It  is  characteristic  of  both  plants  and  animals  that  when  there  is  a 
reduction  in  the  number  of  chromosomes,  there  are  two  reducing  dmsions 
so  that  four  nuclei  are  produced.  In  many  cases  all  four  nuclei  are  func- 

I 
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Fig.  521.  Zygnema  cruciatum 

Upper  line,  conjugation ;  lower  line,  fusion  of  nuclei  in  the  zygospore. 
(X  375).  After  Kurssanow 


•Fig.  522.  Momgeotm  calcwreo^ 
(X30§) 

After  Wittrock  ■ 


tional  and  each  becomes  a  parent  nucleus  of 
a  new  plant.  It  is  not  uncommon,  however, 
for  three  of  the  nuclei  to  degenerate.  In  seed 
plants  we  have  seen  that  the  number  of  chro¬ 
mosomes  is  reduced  in  the  division  of  the 
spore  mother  cell  to  form  four  spores,  and 
that  it  is  usual  for  three  of  the  spores  in  an 
ovule  to  degenerate. 

Lateral  conjugation.  In  some  species  of 
Spirogyra  the  zygospore  is  formed  by  the 
conjugation  of  two  adjacent  cells  in  the 
same  filament  (Fig.  519).  In  such  cases 
projections  grow  from  the  adjacent  ends  of 
the  two  cells.  Where  the  projections  meet, 
the  walls  are  absorbed  so  that  the  two  cells 
are  connected  by  a  tube.  The  protoplast 
from  one  cell  then  enters  the  other  cell  and 
the  two  protoplasts  fuse  to  form  a  zygospore. 

Relatives  of  Spirogyra.  There  are  a 
number  of  filamentous  algae  which  are 
evidently  very  closely  related  to  Spirogyra 
and  which  are  placed  with  Spirogyra  in  the 
family  Zygnemataceae. 

In  the  genus  Zygnema,  from  which  the 
family  gets  its  name,  each  cell  has  two  star- 
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shapd  chloropksts  (Figs.  520,  521).  la  some  of  the  Zygnenmtacem  the 
conjugating  gametes  are  strictly  isogametes.  This  is  true  in  Mougmiia, 
where  the  contents  of  the  two  conjugating  cells  meet  in  the  conjugating 
tube  and  there  form,  the  zygote  (Fig.  522).  Here  there  is  no  indication 
of  a  differentiation  of  sexes  such  as  may  perhaps  be  indicated  in  Spirogpra» 
This  condition  in  MotigeoHa  is  also  found  in  some  other  genera  of  Zygne- 
mataceae,  and  sometimes  in  Zygmma, 


Fig.  523.  Forms  of  desmlds 

Desmids  are  either  single  cells  or  cells  joined  together  in  filaments.  They  are 
related  to  Spirogyra.  See  Fig.  525.  (X  220) 


Desmids 

General  ctiaracteristics.  Related  to  Spirogyra  is  a  group  of  very 
beautiful  plants  known  as  desmids  (Fig.  523),  They  are  mostly 
unicellular,  but  in  some  cases  the  ceils  are  held  together  in  un¬ 
branched  filaments.  Each  cell  is  composed  of  two  symmetrical 
halves,  which  in  most  cases  are  sharply  marked  off -from  each  other 
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by  a  constriction  around  the  center  of  the  cell.  The  narrow  con¬ 
necting  portion  is  known  as  the  isthmus.  Asexual  reproduction 
takes  place  by  the  division  of  one  cell  into  two  across  the  isthmus ; 
each  half  then  produces  a  new  half  similar  to  itself  (Fig.  525).  Des- 
mids  reproduce  sexually  by  the  conjugation  of  twoxells  (Figs.  525, 


Fig.  524.  CMoroplasts  of  desmids 

Closterium  atienuatum ;  note  row  of  pyrenoids.  S,  transverse  section  of 
.Clost$rium  lunula;  note  the  slender  ridges  of  the  chloroplast  and  the  four 
large  pyrenoids.  cross  section  of  Closterium  attenuatum ;  note  star-shaped 
chloroplast  and  single  large  pyrenoid  (compare  with  A).  D,  Euastrum  verru- 
cosum.  Ef  Tetmemorus  granulatus.  (After  Carter) 

526).  In  most  cases  the  wall  of  each  cell  separates  into  two  parts 
and  the  contents  escape/ migrate  tow^ard  each  other  by  amoeboid 
movement j  and  fuse  to  form  a  zygospore  which  surrounds  itself 
with  a  thick  wall;  in  other  cases  the  conjugating  cells  produce 
conjugating  tubes  somewhat  similar  to  those  of  Spirogyra,  The 
ay-gospore  nucleus  divides  to  form  four  nuclei,  while  the  contents 
of  the  zygospore  divide  to  form  two  desmids,  each  with  two  nuclei. 
One  of  these  nuclei  degenerates ;  the  other  becomes  the  functional 
nucleus  of  the  new  desmid. 
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ReiationsMp  of  Conjugates.  The  desmids  are  clearly  related  to 
Spirogjjra  and  other  members  of  the  Zygnemaincem.  Conspicuous 
in  both  groups  are  the  occurrence  of  sexual  reproduction  by  the 
conjugation  of  amoeboid  gametes  and  the  entire  absence  of  flagel¬ 
lated  cells.  Not  on!}'  is  there  great  resemblance"  between,  the  des- 
mids  and  the  Zygnemataceae,  but  there  are  connecting  forms^  often 


Fig.  525.  Reproduction  of  desmids 

A,  mature  individual  of  Cosmanum  (x  1150);  B/a  zygospore  (x  700).  C,  a 
stage  in  asexual  reproduction  of  Cosmanum.  three  successive  stages  in 
asexual  reproduction  of  Anihrodesinus  (X  1090) 

placed  among  the  desmidsj  which  leave  no  doubt  as  to  the.re  being 
a  close  relationship. 

Wh,ile  the  conjugation  of  amoeboid  gametes  and  the  entire 
absence  of  flagellated  cells  make  the  Conjugales  a  distinctive  group, 
there  are  sufficient  characters,  including  green  color  and  manu¬ 
facture  of  starch,  to  show  that  they  represent  a  line  of  evolution 
within  the  green  algae.  Their  conjugation  is  not  unlike  the  sexual 
fusion  in  species  of  Chlamydomonas  where  this  takes  place  between 
cells  surrounded  by  cell  walls  and  there  is  a  sort  of  conjugating 
tube  (Fig.  460).  Absence  of  flagella,  due  to  previous  loss,  is  char¬ 
acteristic  of  many  green  algae,  especially  among  the  Chlorococcales. 


Fig.  526.  Closterium 


Above,  fusion  of  two  nuclei  in  zygote;  middle  line,  division  of  zygote  nucleus 
to  form  four  nuclei  (the  small  dark  structures  in  the  last  figure),  and  the 
beginning  of  the  division  of  the  protoplast.  Below,  formation  of  two  Closterium 
cells;  note  the  presence  of  one  degenerating  nucleus  in  each  cell.  (After  Klebahn) 

OEDEE  CHLOROCOCCALES,  NON-MOTILE  UNICELLULAR  AND 
COLONIAL  GREEN  ALGAE 

Chlorococcum 

Systematic  position.  In  the  preceding  part  of  this  chapter  we 
have  considered  two  lines  of  evolution  in  the  green  algae,  the  vol- 
vocine  as  exhibited  by  the  Volvocales  and  the  tetrasporine  as  shown 
by  the  TctTcisporoles  and  the  Ulotricholcs*  Chlorococcv/iTij  which  is 
a  primitive  member  of  the  Chlorococcales,  may  be  thought  of  as  the 
tjTpe  of  plant  which  started  another  line  of  evolution,  the  chloro- 
coccine.  This  line  is  like  the  tetrasporine  line  in  that  motility  is 
confined  to  reproductive  cells.  It  is  decidedly  different,  however,  as 
the  eeUs  do  not  divide  vegetatively  and  division  of  the  protoplast 
occurs  only  in  connection  with  reproduction.  In  the  more  highly 
developed  members  of  the  chlorococcine  line  the  cells  mav  be  very 
large  and  of  very  intricate  fo^m^  yoevery 
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General  characteristics.  Chhromccum  is  a  round  non-motiie 
unicellular  alga  which  when  young  has  a  single  nucieus  and  a  single 
large  chioropiast  with  a  pyrenoid  (Fig.  527).  Before  reproduction 
takes  piace^  the  cel!  becomes  ^ ^ 

muitiimcleate,  there  is  an  in- 
crease  in  the  number  of  p>Te-  /  \  f 

noidSj  and  the  chioropiast  I  0  1 

becomes  diffuse,  Chlorococ-  \  \\  :  / 

cum  reproduces  asexually  by 
the  division  of  its  protoplast 

to  form  zoospores  which  are  Fic.  527,  CMomcoccum 

biflageliate  and  have  a  cup-  Left;  exterior  view.  The  irregular  light- 
shaped  chioropiast  and  an  colored  region  is  the  opening  in  the  cMo- 

eye.pot(Figs.528,529).  They 

are  thus  reminiscent  of  the  Below  the  opening  the  pyrenoid  show's 
flagellates  and  primitive  aigae  as  a  dark  spot.  Right,  a  section  of  Chlo- 
r _ fococcum  showing  seven  nuclei  and  the 

from  which  ChloTOCOCCum  is  i^^ge  p^Tenoid.  (x  2000).  After  Bold 

believed  to  have  descended. 

Sexual  reproduction  is  due  to  the  fusion  of  isogametes  (Fig.  530). 
The  formation  of  the  gametes  from  the  protoplast  of  the  mother 
cell  is  very  similar  to  the  formation  of  zoospores. 


Fic.  527,  CMorococcum 

Left,  exterior  view.  The  irregular  light- 
colored  region  is  the  opening  in  the  cMo- 
ropiast,  which  otherwise  occupies  the 
entire  exterior  portion  of  the  protoplast. 
Below  the  opening  the  pyrenoid  show’s 
as  a  dark  spot.  Right,  a  section  of  Chlo- 
fococcum  showing  seven  nuclei  and  the 
large  pyrenoid.  (x  2000).  After  Bold 


Fig.  528.  Division  of  a  protoplast  of  CMorococcum  By  cleavage  furrows  to 
form  zoospores 

After  Bold 


Relationship*  CMorococcum  may  be  regarded  as  having  been 
derived  through  a  modification  of  CMamydomonas.  The  Yolr 
vocaleSj  as  we  have  seen,  can  be  thought  of  as  being  derived  from 
the  motile  stage  of  CMamydomonas^  and  the  Ulotrichales^as  being 
due  to  the  development  of  the  palmella  stage.  In  CMamydomonas 
there  is  often  a  phase,  before  the  division  of  the  protoplast  to  form 
zoospores  or  gametes,  when  the  flagella  are  withdrawn,  and  ,  the 
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Fig.  529.  Chlorococcum 


Numerous  zoospores  formed  in  a  large  individual,  the  escape  of  zoospores,  a 
single  zoospore,  non-motile  cell  derived  from  zoospore,  and  mature  non-motile 
ceil  formed  by  growth  from  the  preceding  stage.  {X  2000).  After  Bold 

Chlamydomonas  cell  is  for  a  time  non-motile.  If  this  phase  were 
prolonged  and  the  motile  and  palmella  stages  suppressed,  the  re¬ 
sult  would  be  such  a  type 
as  we  have  in  Chlorococcum. 
Here  the  dominant  phase  is 
I  j  a  non-motile  cell.  Cklorococ- 
cum  is  like  most  species  of 
Chlamydomonas  in  having 
one  chloroplast  and  one  py- 

Fic.  530.  Fusion  of  gametes  of  Chloro-  I*®  protoplast  di- 

coccum.  (  X  1435)  vides  up  in  much  the  same 

After  Bristol  way  as  that  of  Chlamydomo¬ 

nas  to  form  zoospores  and 
gametes.  Its  zoospores  and  gametes  are  much  like  those  of  Chlamy¬ 
domonas.  Chlorococcum  can,  then,  be  thought  of  as  a  Chlamydomo- 
fias  which  has  lost  motility  except  in  reproductive  cells. 
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CMorella 

Chlorella  is  a  uniceiiular  alga  t’ae  cells  of  wliich  are  small  and  rouniM. 
Each  has  a  sinaie  chiompiast,  which  Ls  usually  cup-shaped  {Fig.  531).  The 
only  uietiitKl  of  reproduction  is  by  the  ({i-^-ision  of  the  protoplast  to  fom 
two,  four,  eight,  or  sixteen  parts,  each  of  which  becomes  surrounded  by  a 
cell  wall  to  forni  a  non-motile  cell  {Fig.  531'.  These  are  like  the  parent 
cell  except  for  size.  They  are  liberated  by  the  disintegration  of  the  wall  of 


Fig.  531.  CMorella  vulgmis 

Upper  line,  formation  of  four  daughter  cells  from  mother  ceU;  second  line, 
formation  of  eight  daughter  cells;  third  line,  formation  of  two  daughter  ceUs. 

{After  Grintzesco) 

the  mother  cell  and  grow  to  mature  size.  We  have  noted  that  in  the  most 

primitive  of  the  green  algae,  and  in  the  flagellates  from  which  they  are 
descended,  the  motile  phase  is  dominant.  Chlorococcum  is  a  unicellulM 
form  in  which  this  condition  is  reversed,  the  non-motile  stage  being  domi¬ 
nant.  In  Chlorella  the  reduction  of  the  motile  phase  has  reached  the  ex¬ 
treme,  as  in  this  unicellular  alga  there  are  no  motile  cells. 

Non-Motile  Colonial  Algae 

In  the  early  part  of  this  chapter  we  saw  that  the  primitive  uni¬ 
cellular  motile  green  algae  have  given  rise  to  a  variety  of  colonial 
forms.  In  a  similar  way  non-motile  unicellular  algae,  of  which 
Chlorococcum  and  Chlorella  may  be  taken  as  examples,  gave  rise 
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to  non-motile  colonial  forms.  In  some  cases  reproduction  is 
through  the  formation  of  motile  cells  as  in  Chlorococcum,  while  in 
others  motile  reproductive  cells  are  entirely  lacking  just  as  they 
are  in  C Morelia. 

Pediastmm.  The  individual  plants  of  Pediastrum  are  microscopic 
flat  plate-shaped  colonies  of  cells  (Fig.  532).  They  are  commonj  widely 
distributed,  and  very  beautiful  fresh- water  algae.  In  young  colonies  each 


Fig.  S32.  Three  forms  of  Pediastmm,  a  colonial  green  alga.  (  X  210) 

cell  has  a  single  nucleus,  but  in  older  colonies  there  may  be  as  many  as 
eight  nuclei.  This  multinucieate  condition  is  brought  about  by  a  division 
of  the  nucleus  without  cell  division.  The  presence  of  nuclear  division  with¬ 
out  cell  division  is,  as  previously  noted,  characteristic  of  the  chlorococcine 
line  of  evolution.  Any  cell  of  a  colony  of  Pediastrum  is  capable  of  reproduc¬ 
ing  the  colony  asexually  through  the  production  of  zoospores.  After  the 
formation  of  zoospores  a  slit  appears  in  the  outer  layer  of  the  cell  wall. 
The  zoospores  escape  through  this  slit,  but  are  still  surrounded  by  a  vesicle 
formed  from  the  inner  layer  of  the  cell  wall  (Fig.  533).  The  cells  of  this 
colony  grow  and  take  on  the  form  of  mature  cells.  Pediastrum  may  repro¬ 
duce  sexually  by  the  formation  of  biflagellate  gametes  (Fig.  533) . 


Fi€.  533.  Pedmsimm 


Upper  left,  formation  of  zoospores  and  escape  of  zoospores  in  vesicle;  upper 
right,  zoospores  still  surrounded  by  vesicle  forming  a  colony ;  center,  gametes, 
fusion  of  gametes  to  form  zygote,  and  large  angular  spore  formed  from  zygote ; 
lower  line,  'division  of  contents  of  angular  spore  to  form  zoospores  and  escape 
of  zoospores  in  vesicle  to  form  colony.  (After  Braun  and  Askenasy) 


Fig.  533.  Pedimtrum 


Upper  left,  formatioE  of  zoospores  and  escape  of  zoospores  in  vesicle ;  upper 
right,  zoospores  still  surrounded  by  vesicle  forming  a  colony ;  center,  gametes, 
fusion  of  gametes  to  form  zygote,  and  large  angular  spore  formed  from  zygote ; 
lower  line,  division  of  contents  of  angular  spore  to  form  zoospores  and  escape 
of  zoospores  in  vesicle  to  form  colony.  (After  Braun  and  Askenasy) 
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Hydrodictyon.  The  water  net,  Hydrodictyon,  has  cylindrical 
cells  w'hich  are  united  to  form  a  conspicuous  elongated  sac-shaped 
net  (Figs.  534,  535).  The  water  net  is  widely  distributed  and  fairly 


Fig.  534.  Portion  of  net  of  Hydrodictyon  reticulatum 


coinmon.  The  nets  may  be  as  much  as  30  cm.  in  length,  but  are 
usually  smaller.  When  young,  each  cell  contains  a  single  nucleus ; 
but  as  they  grow  the  number  of  nuclei  increases,  and  in  a  mature 


Fig.  535.  Small  portion  of  net  of  Hydrodictyon  reticulatum,  sho-win^  shape  and 
arrangement  of  cells 

cell  there  are  numerous  nuclei.  Just  as  Vohox  may  be  regarded  as 
the  culmination  of  motile  colonies,  so  Hydrodictyon  may  be  thought 
of  as  the  culmination  of  non-motile  colonies  which  reproduce  by 
motEe  cells.  Each  cell  of  the  net  of  Hydrodictyon  is  capable  of 
asexual  reproduction  through  the  formation  of  a  daughter  net 
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within  itself.  The  protoplast  of  the  daughter  cell  divides  up  to 
form  ^’ery  numerous  zoospores.  These  swarm  about  for  a  time, 
after  which  they  become  arranged  around  the  periphery  of  the 
mother  cell,  and  by  growth,  without  further  cell  division,  form  a 
new  net.  As  a  new  net  is  formed  within  a  parent  cell,  it  naturally 


Fig.  536.  Sexual  reproduclion  in  Hydrodictyon 


A,  gametes;  B,  mature  zygote;  C,  zygote  dividing  to  form  fom  zoospor^, 
D  zoospores  escaping  in  vesicle;  E,  three  of  the  four  zwspor^  have 
F  thic^waUed  angular  spore  formed  from  zoospore;  G,  diwion  of  contents 
of  angular  spores  to  form  zoospores;  H,  young  net  formed  from  zoospore 

escaping  in  a  vesicle 


takes  the  shape  of  that  cell.  A  net  is  liberated  by  the  disintegra¬ 
tion  of  the  wall  of  the  parent  cell,  after  which  the  cells  of  the  new 
net  continue  to  grow. 


Sexual  reproduction  is  due  to  the  fusion  of  bifl^ellate  gametes  (Fig. 
536)  These  are  formed  in  the  same  manner  as  zoospores,  but  esca^ 
through  an  opening  in  the  wall  of  the  mother  cell.  Two  gmetes  fuse  to 

form  a  zygote.  The  protoplast  of  the  zygote  divides  up  to  form  four  zoo- 
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spores  (Fig.  536),  and  meiosis,  or  the  reduction  in  the  number  of  chromo¬ 
somes,  occurs  in  the  nuclear  divisions  which  lead  to  their  formation.  After 
swimming  for  a  time,  the  zoospores  form  curiously  shaped,  thick-walled, 
angular  spores.  The  angular  spore  increases  greatly  in  size,  and  its  con¬ 
tents  divide  up  to  form  a  considerable  number  of  zoospores.  These,  sur¬ 
rounded  bv  a  vesicle,  escape  from  the  spore  in  much  the  same  way  as  the 
zoospores  of  Pediastrum  escape  from  their  mother  cell.  Within  the  vesicle 
the  zoospores  form  a  small  irregular  net  (Fig.  536). 

Scenedesmus.  The  colony  of  Scmedesmus  consists  of  a  single  row  of 
cells  or  of  two  rows  (Fig.  537).  Scenedesmus  is  very  common  and  widely 


Fig.  537.  Yarions  forms  of  Scenedesmus.  { X  500) 


distributed  in  fresh  waters.  The  only  method  of  reproduction  known  is  by 
the  division  of  the  protoplast  of  a  cell  to  form  a  new  colony  (Fig.  538). 
Each  cell  of  the  new  colony  surrounds  itself  with  a  cell  wall,  and  the  new 
colony  is  set  free  by  the  disintegration  of  the  wall  of  the  mother  cell.  In 
the  absence  of  both  sexual  reproduction  and  motile  reproductive  cells 
Seemdesmm  resembles  Chlorella. 

Coelastmm.  This  is  a  very  common,  widely  distributed,  and  beautiful 
microscopic  alga.  The  colony  consists  of  a  single  layer  of  cells  arranged  in 
the  form  of  a  hollow  sphere  (Fig.  539).  Reproduction  is  very  similar  to 
that  of  Scmedemmj  and  consists  in  the  formation  of  a  daughter  colony 
within  a  cell  of  the  mother  colony,  the  daughter  colony  being  set  free  by 
the  disintegration  of  the  wall  of  the  mother  cell  (Fig.  540).  In  the  absence 
of  both  sexual  reproduction  and  motile  reproductive  cells  Coelastrum  re- ' 


Fig.  538,  Scen-edesmus  acuius 


Formation  of  daughter  colonies  in  cells  of 
motber  coion>n  (x220O).  After  Senn 


Fic.  539.  Coelastrum  pmbos- 
cideum*  (X  450)  , 


After  Sena 


Fig,  540.  Coelastrum 

Left,  a  colony;  right,  a  colony  the  individual  cells  of  which  have  (Uvided  to 
form  daughter  colonies,  one  of  which  is  separating,  (x  900) 


Fic,  541.  Kirchneriella,  a  colony  in 
which  the  individuals  are  held  to¬ 
gether  loosely  in  a  gelatinous  matrix 


Fig.  542.  Ankistrodesmus, 
a  loose  aggregate  of  cells 


ITig.  543.  Dimorphococcus,  a  colony  in  which  the  cells  are  held  together  in 
groups  of  four  by  the  remains  of  the  wall  of  the  mother  cell.  The  groups  of 
four  are  likewise  held  together  by  remains  of  cell  walls.  (  X  1225) 
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Scoif  h’<  i«*s“  3.rK4  (yiiuTi'ild.  It  i?i  fifiwcHTr,  difficiilt  to  be  sure  as  to 
wlj*tLt‘r  it  i>  a  iJirLiy  <ii  4r\*?rP!:ded  from  an  ancestry  kck- 

» tia  r  it  h.a”  1  avf  I  deriveii,  ti  rough  loss  of 
motiiitv,  froso  a  r^'laliva  i,f  r-uoii  ('•iioinai  itj-nn  tx>  I! iflvodictyo?!. 

ORDER  SIFHONALES,  COENOCYTIC  GREEN  ALGAE 
Vaucheria 

General  ckaracteristics.  The  filamentous  alga  l^uc^erfa  is  the 
common  fresh-water  represen, tative  of  the  order  Siphona'ks,  The 
order  is  clia.racterized  by  the  fact  that  the  vegetative  portion  of  the 


Fig.  544.  Branches  of  Vaucheria 

Left,  branch  with  three  oogonia  and  empty  antheridium ;  right,  branch 
with  two  oogonia  and  empty  antheridium.  (X  185) 

plant  consists  of  branching  filaments  with  many  nuclei  but  no  cro,ss 
walls.  Cross  wails  normally  occur  only  in  connection  with  repro¬ 
ductive  organs  (Fig.  544) . 

Vaucheria  forms  conspicuous  felty  green  mats.  The  plant  con¬ 
sists  of  sparingly  branched  filaments,  in  the  vegetative  portion  of 


Fig.  545.  Germinatioii  of  zoospore  of  Vaucheria 
Redrawn  aftk  Sachs  from  Oitmanns 


A  B  C  B 

Fig.  546.  Vaucheria 


A-Ci  formation  and  escape  of  zoospore;  D,  section  of  a  portion  of  zoospore, 
showing  two  flagella  opposite  each  nucleus.  (A-C  redrawn  after  Goetz  from 
Oitmanns ;  D  redrawn  after  Strasbnrger  from  Oitmanns) 
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which  there  are  no  cross  walls.  The  cell  wall  is  lined  with  proto- 
plasnij  while  a  vacuole  extends  through  the  center  of  the  filament. 
Numerous  nuclei  and  chloroplasts  occur  in  the  protoplasm.  The 
plant  is  attached  to  the  substratum  by  colorless  branching  fila¬ 
ments  (Fig.  545).  Plants  in  which  there  are  many  nuclei  and  in 


Fig.  547.  Vaiicheria  sessUis 


Tpper  line  shows  development  of  antheridiuin  and  oogonium.  Lower  left, 
antheridium  is  mature  and  sperm  has  been  discharged,  oogonium  still  closed; 
center,  oogonium  has  opened  and  discharged  a  small  amount  of  protoplasm 
and  is  ready  for  fertilization ;  right,  oogonium  has  been  fertilized  and  contains 
an  oospore,  (x  244).  After  Couch 

which  the  protoplast  is  continuous  owing  to  the  absence  of  cross 
walls  are  called  coenocytes. 

Asexual  reproduction.  The  most  frequent  method  of  asexual 
reproduction  in  Vamkeria  is  by  the  formation  of  large  compound 
zoospores.  The  zoospores  are  produced  singly  in  zoosporangia, 
which  are  formed  at  the  ends  of  filaments.  In  the  formation  of  a 
zoosporangium  the  end  of  a  filament  enlarges  and  is  cut  off  from 
the  remainder  by  a  cross  wall.  The  contents  are  then  transformed 
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into  a  large  oval  zoospore  (Fig.  546).  This  contains  many  nuclei 
and  has  numerous  flagella,  which  occur  in  pairs,  each  pair  being 
opposite  a  nucleus.  This  type  of  zoospore  is  a  very  peculiar  one  on 
account  of  the  fact  that  it  contains  many  nuclei  and  has  flagella 
distributed  over  its  entire  surface.  Many  of  the  relatives,  of  Fan- 
ch&ria  have  an  ordinary  type  of  zoospore.  These  are  produced  in 


Fig.  548.  Vauckeria 


^ction  of  young  stages  of  oogonium  and  antheridium ;  note  the  numerous 
nuclei.  B,  oogonium  is  cut  off  by  a  cell  waU  and  all  except  one  of  the  nuclei 
are  degenerating  while  this  is  enlarging.  C,  only  one  nucleus  remains  in  the 
oogomim.  D,  section  of  oospore  showing  fusion  of  male  and  female  nuclei.  E 
a  late  stage  showing  oospore  nucleus  formed  by  fusion  of  male  and  female  nuclei! 
P,  still  later  stage;  oospore  nucleus  has  divided  to  form  four  nuclei,  (x  240") 

After  Williams 


large  numbers  in  a  zoosporangium,  and  each  has  a  single  nucleus 
and  two  flageUa.  Since  in  the  zoospore  of  Vaucheria  a  pair  of 
agelk  is  opposite  each  nucleus,  this  zoospore  has  been  inter¬ 
preted  as  a  compound  one  which  has  resulted  from  the  failure  of 
the  protoplast  to  divide  and  produce  uninucleate  zoospores  as  is 
the  case  in  relatives  of  Vaucheria. 

The  zoospore  of  Vaucheria  escapes  through  an  opening  pro¬ 
duced  by  the  softening  of  the  waU  at  the  tip  of  the  zoosporangium. 


branch  of  Caulerpa  showing 
cross  supports  which  protect 
the  plant  from  iindiie  swelling 
or  hnrsting  as  a  result  of  os¬ 
motic  pressure 


Fig.  555.  Codium,  a  siphonaceons  alga 

The  plant  is  composed  of  interlacing 
hyphae.  See  Fig.  556 


Fig.  556.  Cross  section  o£  Codium 

The  plant  is  made  up  of  interlacing  filaments  without  cross  walls.  Note 
the  gametangia  g  which  project  from  the  sides  of  the  large  club-shaped  por¬ 
tions  of  the  fiOiaments  which  form  a  sort  of  cortex 
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less  advanced  than  Vaucheria,  However,  many  of  them  have  a  much  more 
complicated  vegetative  structure  than  Vamheria. 

In  Bryopsis  (Figs.  551,  552)  the  lower  branches  are  modified  as  organs 
of  attachment,  while  the  upper  ones  form  graceful  featherlike  fronds.  .As 
in  Vaucheria^  the  plant  is  a  coenocyte  consisting  of  branched  tubes  in 
which  are  numerous  nuclei  but  no  cross  walls. 

Caulerpa  is  a  beautiful  and  interesting  genus  which  is  common  in 
tropical  waters  (Fig.  553).  This  plant  simulates  the  vegetative  differentia- 


Fig.  557.  Codium  tomentosum 


A,  club-shaped  branch  with  game- 
tangium;  B,  gamete;  C,  enlarged 
view  of  gametangium  with  gametes, 
(x  165).  After  Thuret 


tion  seen  in  higher  plants.  The  thallus 
has  creeping  rhizomelike  branches. 
From  the  upper  surface  of  such  a 
branch  there  arise  branches  which 
roughly  resemble  foliage  shoots,  while 
from  the  lower  surface  grow  colorless 


Fig.  558.  Halimeda  opuntia,  a  calca¬ 
reous  green  alga 


rootlike  branches.  Caulerpa,  like  the  Siphonales  in  general,  lacks  cross 
walls.  The  form  is  maintained  by  turgor,  while  the  branches  Ire  protected 
from  undue  swelling  or  bursting  by  a  network  of  cross  supports  (Fig.  554). 
This  genus  is  of  interest  not  only  on  account  of  the  large  size  and  high 
degree  of  differentiation  of  a  single  coenocyte,  but  also  because  no  re¬ 
production  by  special  bodies,  either  sexual  or  asexual,  is  known.  Repro¬ 
duction  is  due  to  the  separation  of  proliferous  shoots. 

In  Codium  the  branches  of  the  coenocytic  plant  body  are  interlaced  in 
such  a  way  as  to  produce  a  large  plant  with  definite  form  (Figs.  555-557) 
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These  plants  have  a  spongy  feel,  which  is  connected  with  the  fact  that  they 
are  formed  of  interlacing  branches.  Various  other  genera  in  which  the 
plant  is  composed  of  interlacing  branches  have  characteristic  shapes. 

Relationship  of  Siphonales,  Vamheria  and  the  other  Siphonales 
appear  to  be  descended  from  the  Chlorococcales,  We  have  seen  that- 
among  the  Chlorococcales  there  is  an  absence  of  vegetative  cell 


Fig.  559-  Three  of  the  Siphonales 

Left,  Pmidlltis  capitatus.  The  small 
figure  shows  the  details  of  filaments. 
Center,  UdoteaflaheUwn;  right,  Udo- 
tea  orienialis.  These  algae  are  coeno- 
cytes.  Udotea  is  formed  of  interlacing 
filaments.  Habit  sketches,  (x  J) 


Fig.  560.  Codiolum  gregarium,  an 
alga  which  is  on  the  border  line  be¬ 
tween  the  Chlorococcales  and  Sf- 
phonales.  (X  65) 

After  Braun 


division  and  a  tendency  for  the  development  of  multinucleate  cells. 
There  are  some  forms  which  are  so  much  on  the  border  line  between 
the  Chlorococcales  and  the  Siphonales  that  it  is  difficult  to  decide  in 
which  group  to  place  them  (Fig.  560),  and  authorities  disagree, 
Protosiphm  (Fig.  561)  is  a  border-line  genus  which  illustrates 
the  way  in  which  the  Siphonales  may  have  been  derived  from  the 
CMorococcales,  Protosiphon  is  a  small  coenocytic  alga.  It  has  a 
rounded  bladderlike  aerial  portion  which  tapers  into  an  elongated 
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colorless  underground  portion.  Protosiphon  is  like  ChlorococcvM 
in  that  the  protoplasm  may  divide  to  form  biflageliate  zoospores 
(Fig.  561)  or  may  divide  in  a  similar  manner  to  produce  biflageliate 


A,  longitudiiial  section  of  almost  mature  thallus.  B,  section  of  upper  portion 
of  thallus  showing  the  numerous  nuclei.  C,  section  of  upper  portion  of  thallus 
showing  protoplasm  dividing  up  by  cleavage  furrows;  when  the  process  is 
completed  each  segment  will  contain  a  single  nucleus  and  will  form  a  zoospore. 
Df  section  of  upper  portion  of  thallus  showing  zoospores.  zoospore.  B— 7^ 
stages  in  germination  of  zoospore;  note  that  the  plant  soon  becomes  multi- 
nucleate.  (After  Bold) 

isogametes.  The  gametes  fuse  in  pairs  to  form  zygotes,  which  may 
germinate  directly  into  vegetative  coenocytes  (Fig.  562).  Proto- 
siphon  could  be  thought  of  as  a  Chlorococcum  which  has  developed 
a  colorless  outgrowth  suitable  for  absorbing  materials  from  the 
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I  /  substratum.  Also,  it  could 

(  /  _ be  thought  of  as  having  the 

,  characteristics  of  a  very 
simple  ancestor  of  the  &i- 
/\^  phonales.  In  the  Sipho- 

f  \  naZes,  as  in  various  other 

- development  of  the  dif- 

r-'S-;.-.]^  X^J  ferentiation  of  sex.  The 

c  ■'  -0  ■'  ■' £  /SipAonaZes  must  have  been 

/“\^  descended  from  sqme  form 

Protosi- 

(f-0^  reproduction 

due  to  the  fusion  of  iso- 
gametes.  In  the  majority 
Fig.  562.  Protosiphon  ^W^a^es  there  is 

Fusion  of  gametes  and  germination  of  zy-  ^  of  heterogametes, 

gote.  (After  Bold)  while  in  Vaucheria  we  have 

oogamy,  in  which  very  large 
non-motile  eggs  are  fertilized  by  minute  motile  spermatozoids. 


Fig.  562.  Protosiphon 

Fusion  of  gametes  and  germination  of  zy¬ 
gote.  (After  Bold) 


Fig.  563.  Acetabularia  medUerranea,  one  oi  the  Siphonocladiales 

I’ arranged  in  an  umbrellalike  manner  (x  !)• 
.t  “iTfc'*  “  th,  Wtion 


r  imeratmg  gamete 

of  gametes.  (D,  after  De  Bary  and  Strasburger) 
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Fig.  564.  Hcdicoryne,  one  of  tiie  Siphonocludiales 

Left,  habit  (X  1) ;  right,  portion  of  tip  showing  development  of  sporangia. 
Notice  that  near  the  tip  evanescent  sterile  branches  alternate  with  the  young 
sporangia.  In  this  drawing  the  branches  and  sporangia  in  front  have  been 

removed,  (x  6) 

ceils.  These  are  often  arranged  in  a  very  definite  and,,  complicated  mann^ 

to  form  interesting  and  beautiful  plants  (Figs.  563,  564).  The  Siphmo- 
dadiales  are  generally  regarded  as  being  derived  from  the  Siphomdes  by 
the  development  of  cross  walls.  In  the  Siphonales  reproductive  structures 
are  cut  off  by  cross  walls.  The  simplest  of  the  Sipkonocludicdcs  are  very 
similar  to  the  Siphomles,  and  from  these  simple  forms  there  can  be  traced 
a  tendency  toward  an  increase  in  septation  and  the  complexity  of  the  plant 
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body.  According  to  another  theory  the  Siphonocladiales  have  been  de¬ 
rived  from  the  Ulotrichales  throtigh  some  such  ancestry  as  Cladophora 
(Figs.  505,  506). 

Acetabutaria.  This  is  a  branching  alga,  the  development  of  which 
culminates  in  the  production  of  a  beautiful  umbrella-like  structure  (Fig. 
563).  The  umbrella  top  is  composed  of  a  whorl  of  elongated  cells  which  are 
sometimes  called  sporangia.  Within  each  of  these  there  develop  a  large 
number  of  ellipsoidal  structures  often  called  aplanospores.”  The  aplano- 
spores”  are  set  free,  and  after  a  period  of  rest  a  large  number  of  biflagel- 
late  isogametes  (Fig.  563)  develop  within  each  aplanospore.^’  These 
fuse  in  pairs  to  form  zygospores,  which,  after  a  period  of  rest,  germinate 
directly  into  new  plants-. 

In  Halicoryne  the  fertile  branches  or  sporangia”  are  borne  in  whorls 
one  above  the  other  (Fig.  564).  Near  the  tip  there  are  whorls  of  evanescent 
sterile  branches  alternating  with  the  fertile  branches. 

SUMMARY  OF  GREEN  ALGAE 

The  great  groups.  Within  the  green  algae  there  are  three  great 
aggregations  of  plants  (Fig.  565).  The  iSrst  consists  of  motile 
forms,  both  unicellular  and  colonial.  Among  the  simplest  of  such 
forms  is  the  unicellular  ChlamydomonaSj  where  sexual  reproduction 
is  usually  isogamous.  The  most  complex  are  found  in  the  genus 
Volvox,  where  the  colony  may  consist  of  thousands  of  cells,  where 
there  is  a  sharp  distinction  between  vegetative  and  reproductive 
cells,  and  where  sexual  reproduction  is  oogamous,  due  to  the  fertili¬ 
zation  of  a  large  non-motile  egg  by  a  small  motile  spermatozoid. 
The  whole  aggregation  of  motile  forms  belong  in  the  order  Voir 
vocaleSj  the  volvocine  green  algae. 

Another  large  aggregation  consists  of  the  filamentous  and  ex¬ 
panded  forms  found  in  the  order  Ulotrichales,  In  these  forms 
vegetative  divisions  are  prominent,  and  result  in  a  considerable 
development  of  vegetative  cells  and  usually  in  a  multicellular  body. 
Here  again  we  find  great  diversity  in  the  structure  of  the  various 
plants.  Also,  there  are  various  grades  in  the  differentiation  of 
sexuality.  Sexuality  varies  from  isogamy  such  as  is  found  in 
Ulothrix  to  the  highly  developed  oogamy  seen  in  Coleochaete,  The 
Oedogoniales  and  Conjugates  parallel  the  Ulotrichales  by  having 
an  extensive  development  of  vegetative  divisions,  while  parallel 
development  is  also  shown  by  the  filamentous  condition  in  the 
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Fig.  565.  Diagrammatic  representation  of  the  principal  lines  of  evolution  in 

the  green  algae 

Below  is  Chlamydomonas,  which  may  be  taken  _as  a  type  of  the  ancestral  form. 
To  the  left  various  members  of  the  volvocine  line  are  shown  successively  j  the 
center  represents  the  tetrasporine  line,  and  the  right  the  chlorococcine  line 
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Oedogoniales  and  in  Spirogyra  and  other  filamentous  members  of 
the  Conjugales,  Owing  to  the  great  development  of  vegetative 
divisions  in  the  Ulotrichales,  Oedogoniales^  and  ConjugaleSj  these 
orders  are  said  to  show  a  tetrasporine  tendency^  and  all^  therefore, 
may  be  included  in  the  tetrasporine  green  algae. 

The  third  large  aggregation  consists  of  forms  in  which,  as  in  the 
Ulotrichales,  the  plant  is  non-motile,  and  in  which  motility  is  found, 
only  in  reproductive  cells.  Plants  of  this  third  aggregation  differ 
from  the  Ulotrichales,  however,  in  the  characteristic  absence  of 
vegetative  divisions.  The  simplest  forms  among  them  are  non- 
motile  unicellular  individuals.  Related  to  these  are  non-motile 
colonies.  Both  are  included  in  the  order  Protococcales,  While  in 
both  unicellular  individuals  and  non-motile  colonies  there  are  no 
vegetative  divisions,  there  may  be  a  division  of  the  nucleus  with- 
out  a  division  of  the  protoplast.  This  tendency  toward  nuclear 
division  without  a  division  of  the  protoplast  reaches  its  culmination 
in  the  great  variety  of  coenocytic  forms  in  the  order  Siphonales. 
Among  these  there  is  not  only  great  variety  in  vegetative  struc¬ 
tures,  but  also  the  same  variation  in  sexuality  that  we  find  in  the 
other  great  aggregations;  that  is,  isogamy,  heterogamy,  and 
oogamy.  The  Protococcales  and  Siphonales  are  both  included  in 
the  protococcine  algae. 

The  great  diversity  found  in  each  of  the  three  great  groups,  and  I 
the  fact  that  in  each  there  is  a  gradation  from  simplicity  to  com¬ 
plexity,  are  indicative  of  three  great  evolutionary  lines  among  the 
green  algae. 

Nature  of  evidence  for  evolutionary  lines.  In  our  consideration  of 
the  green  algae  it  has  been  indicated  that  various  lines  of  evolution  can  be 
traced  from  very  primitive  unicellular  green  algae,  and  that  these  in  turn 
appear  to  have  been  derived  from  green  flagellates.  When  dealing  with 
the  development  of  some  of  the  higher  groups  of  plants  we  shaU  be  able  to 
trace  much  of  their  evolution  through  the  ages  by  means  of  fossils.  Where  | 
the  study  of  the  geological  history  of  a  group  is  possible,  the  evidence  thus 
obtained  is  invaluable  in  tracing  the  course  which  evolution  has  taken.  In  * 
the  study  of  the  evolution  of  the  green  algae  the  geological  record  is  prac¬ 
tically  useless,  as  the  simpler  green  algae  with  their  small  and  delicate 
bodies  are  very  poor  ob^cts  for  preservation.  We  must  therefore  depend 
entirely  on  a  study  of  living  plants,  and  deduce  what  inferences  we  can 
from  a  comparison  of  the  various  forms.  We  should  remember  that  in  the 
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course  of  geological  time  many  plants  have  passed  out  of  existence  and 
that  at  best  we  can  have  only  a  partial  record  in  living  forms.  In  many 
cases  it  must  be  that  ancestral  forms  which  we  should  like  to  know  have 
lost  out  in  the  struggle  for  existence,  and  that  in  trying  to  determine  what 
ancestors  were  like  we  have  to  depend  on  relatives  of  ancestors  rather  than 
on  ancestors  themselves.  In  trying  to  trace  ancestry  there  are  many  pit- 
falls.  We  have  noted  and  shall  note  again  that  there  have  been  many  cases 
of  parallel  development  in  the  plant  kingdom.  As  an  example  of  this  we 
may  cite  the  repeated  independent  development  of  oogamy.  So  it  may 
be  that  what  we  may  regard  as  an  ancestral  form  is  after  ah  not  an  an¬ 
cestral  form  but  one  which  has  resulted  from  a  more  or  less  parallel  de¬ 
velopment.  We  have  also  to  note  that  simplicity  may  not  be  due  to  an 
original  primitive  condition  but  may  be  the  result  of  the  simplification  of  a 
more  complex  form ;  we  have  seen  an  excellent  example  in  Protococcus. 
From  the  above  considerations  it  is  evident  that  we  should  be  very  slow 
in  saying  that  one  living  form  is  derived  from  another.  Rather  should  we 
conclude  that  a  consideration  of  a  series  of  forms  illustrates  the  general 
trend  which  evolution  may  have  taken.  As  a  concrete  example,  it  would 
be  rash  to  say  that  Ulothrix  and  all  other  Ulothrichales  are  descended  from 
Chlamydomonas.  The  fact  that  the  zoospores  of  Ulothrix  a,nd  many  other 
green  algae  have  four  flagella  suggests  at  least  the  possibility  that  they  may 
have  been  descended  from  some  quadriflagellate  unicellular  form  which  in 
many  other  respects  was  closely  similar  to  Chlamydomonas.  This  possi¬ 
bility  is  emphasized  by  the  fact  that  there  is  a  unicellular  alga  (Carteria) 
which  differs  from  Chlamydomonas  only  in  having  four  flagella  instead  of 
two. 

The  evidence,  however,  does  seem  sufficiently  conclusive  for  us  to 
decide  that  most  of  the  green  algae  have  descended  either  from  a  Chlamy- 
domonas  or  from  forms  very  similar  to  that  genus,  and  that  we  are  justified 
in  using  Chlamydomonas  to  help  us  in  making  a  mental  picture  of  an  an¬ 
cestral  form  for  most  of  the  Chlorophyta.  The  study  of  the  lines  of  evolu¬ 
tion  is  particularly  interesting  in  the  green  algae  because  among  them  we 
find  so  many  forms  which  are  not  only  simple,  but  are  also,  apparently, 
primitive,  The  only  arrangement  of  this  diversity  of  forms  which  seems 
really  logical  is  one  in  which  various  lines  of  development  radiate  out  from 
simple  forms  of  which  Chlamydomonas  may  be  taken  as  a  type. 

'  Origin  of  lines  of  development  in  the  green  algae.  .  In  the  life 
istory  of  the  unicellular  alga  Chlamydomonas  we  see  various 
Iphases,  the  development  of  which  appears  to  have  resulted  in  the 
conspicuous  lines  of  evolution  which  we  find  in  the  green  algae. 
The  dominant  phase  of  Chlamydomonas  is  motile,  and  the  develop- 
lE^^Xof  this  phase  appears  to  have  resulted' in  the  formation  of 
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motile  colonies,  culminating  in  Volmx,  In  this,  the  volvocine  line 
of  evolution,  we  see  the  production  of  larger  and  larger  colonies  of 
cells  having  many  points  in  common  with  those  of  Chlamydomonas 
until  the  colony  of  Volvox  may  consist  of  many  thousands  of  cells. 
Also,  there  is  a  differentiation  of  vegetative  and  reproductive  cells. 
In  the  simpler  colonies  all  cells  are  reproductive ;  then  there  is  a 
form  in  which  a  few  remain  permanently  vegetative,  followed  by  a 
more  advanced  condition  in  which  about  half  remain  vegetative; 
and,  finally,  in  Volvox  the  great  majority  are  vegetative  while  only 
a  few  are  reproductive. 

Under  certain  conditions  Chlamydomonas  changes  from  a  motile 
organism  to  a  non-motile  one  and  has  a  palmella  stage.  In  this 
non-motile  phase  vegetative  divisions  are  prominent  and  motility 
is  suppressed  until  special  motile  reproductive  cells  are  formed. 
The  development  of  such  a  stage,  in  which  vegetative  divisions 
are  prominent,  is  the  tetrasporine  line  of  development,  and  leads 
through  the  Tetrasporales  to  the  filamentous  and  expanded  Ulotri-- 
chaleSj  and  probably  through  these  to  the  higher  plants.  In  the 
Ulotrichales  there  is  a  great  development  of  vegetative  divisions,  a 
development  initiated  in  the  palmella  stage  of  Chlamydomonas, 
Throughout  the  Ulotrichales,  however,  we  see  in  the  production  of 
reproductive  cells  a  return  to  ancestral  characteristics  in  the 
method  by  which  the  protoplast  divides  to  form  reproductive  cells, 
in  the  flagellated  character  of  each  cell,  in  the  occurrence  of  a 
single  cMoroplast,  and  in  the  frequent  presence  of  eyespots  and 
contractile  vacuoles. 

Prior  to  the  production  of  motile  reproductive  cells,  both  zoo¬ 
spores  and  gametes,  Chlamydomonas  withdraws  its  flagella  and 
becomes  a  non-motile  individual.  This  non-motile  phase  is  very 
different  from  the  palmella  stage.  It  is  followed  by  the  production 
of  special  motile  reproductive  cells,  whereas  the  palmella  stage  is 
characterized  by  vegetative  division.  The  prolongation  of  the  non- 
motile  phase  preceding  the  formation  of  zoospores  or  gametes,  and 
the  omission  of  the  palmella  stage,  would  result  in  a  plant  similar  to 
Chlorococcum,  Such  a  development  appears  to  have  resulted  in  the 
Chlorococcales,  where  the  dominant  phase  is  non-motile,  there  are 
no  vegetative  divisions,  and  division  occurs  only  in  connection  with 
reproduction.  This  is  the  chlorococcine  line  of  evolution.  While 
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in  the  Chlorococcales  there  are  no  vegetative  divisions,  there  is  a 
tendency  toward  the  development  of  the  multinucleate  condition 
through  nuclear  division  without  a  division  of  the  protoplast.  This 
tendency  seems  to  have  resulted  in  the  production  of  the  compH- 

Gated  coenocytes  of  the  Siphonales. 

The  three  lines  of  development  which  appear  to  have  originated 

from  the  simple  unicellular  green  algae,  of  which  we  have  taken 


a  single-celled  growing  point 


Chlamydomonas  as  an  example,  are  very  different  and  distinct  from 
each  other.  However,  the  development  in  the  three  cases  has  shown 
certain  similar  tendencies.  In  each  case  we  can  trace  a  ^develop¬ 
ment  from  simplicity  to  complexity ;  in  each  there  is  an  ^increased 
development  and  separation  of  vegetative  and  reproductive  parts , 
and  in  each  we  can  trace  the  development  of  sexnaMty  from  the 
fusion  of  isogametes,  through  the  union  of  heterogametes,  to  highly 
developed  oogamy,  in  which  a  large  non-motile-egg  is  fertilized 
by  a  small  spermatozoid. 
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The  green  algae  afford  an  excellent  example  of  the  tendency  of 
evolution  to  produce  a  radiating  development  and  for  a  simple 
organism  to  develop  along  various  lines.  The  common  ancestry  of 
the  various  lines  indicates  a  similarity  in  protoplasm  which  is  re¬ 
flected  in  each  line  in  the  capacity  for  complex  development,  in. the 
differentiation  of  vegetative  and  reproductive  parts,  and  in  the 
evolution  of  the  differentiation  of  sexuality. 


Fic.  567.  A  branch  of  Chara  bearing  a  large  oval  oogonium  and  below  this  a 
rounded  antheridium.  (X  50) 


,  ORDER  CHARALES 
Chara 

General  characteristics.  Chara  is  a  highly  developed  green 
plant  which  is  common  in  fresh  waters  (Fig.  566).  The  vegetative 
portion  is  much  branched  and  is  anchored  to  the  substratum  by 
small  branched  filaments  known  as  rhizoids.  The  growth  of  Chara 
in  length  is  due  to  a  single  apical  cell  (Fig.  566).  The  branches 
are  of  three  kinds.  The  main  branches  are  alike  and  of  indeter- 
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tributed  plant  and  exhibits  a  very  high  degree  of  vegetative  and 
sexual  differentiation  which  can  be  readily  demonstrated  to  stu¬ 
dents,  it  has  been  much  used  to  illustrate  a  highly  developed 
stage  of  sexual  differentiation.  For  this^purpose  it  is  certainly  one 
of  the  most  beautiful  examples  among  all  plants. 

Relatives  of  Ckara.  The  Chardes  are  a  small  and  very  homogeneous 
group.  There  is  a  great  similarity  in  the  main  characteristics  of  the.  group, 
including  reproduction,  and  they  generally  diSer  from  each  other  only  in 

minor  details. 

Relationship.  The  Charales,  of  which  Chara  is  a  very  represent¬ 
ative  and  common  example,  are  a  very  isolated  group.  Relation¬ 
ship  with  the  green  algae  is  indicated  by  a  bright  green  color  and 
the  storage  of  food  in  the  form  of  starch.  However,  both  the  vege¬ 
tative  structure  and  the  method  of  reproduction  in  the  Charales  are 
very  different  from  anything  known  in  the  green  algae.  This  differ¬ 
ence  is  so  great  that  although  the  Charales  may  have  been  derived 
from  the  green  algae  in  some  way  unknown  to  us,  it  is  generally 
agreed  that  the  Charales  should  be  placed  in  a  different  group. 
Many  authorities  go  so  far  as  to  exclude  them  from  the  algae  on 
account  of  their  complexity.  As  their  green  color  and  the  storage 
of  food  in  the  form  of  starch  indicate  a  relationship  to  the  green 
algae,  it  is  convenient  to  treat  them  in  connection  with  that 
division. 


CHAPTER  XXI 

CHRYSOPHYTA  AND  PYRROPHYTA.  SOME  YELLOW- 
GREEN  AND  BROWN  THALLOPHYTES 

In  the  last  chapter  we  had  a  survey  of  the  green  algae.  That 
division  comprises  many  and  various  forms  which  appear  to  be 
clearly  derived  from  simple  green  flagellates  and  which  are  char¬ 
acterized  by  a  bright-green 
color.  In  this  chapter  we  will 
take  up  plant  forms,  flagellates 
and  algae,  in  which  the  chloro¬ 
phyll  is  more  or  less  masked 
by  yellow  and  brown  pigments 
so  that  the  plants  have  a 
yellowish-green,  golden-brown, 
or  brown  appearance.  Most 
of  these  forms  appear  to  be 
related  to  each  other,  but  they 
do  not  form  as  homogeneous 
a  group  as  the  green  algae. 
All  of  them  are  small  forms, 
and  the  great  majority  are 
microscopic. 

CHRYSOPHYTA 

General  characteristics. 

The  subdivision  Chrysophyta 
is  made  up  of  small  and  mostly 
microscopic  forms.  One  class,  the  diatoms,  is  of  importance 
because  although  its  members  are  of  microscopic  size  they  are 
very  abundant  in  both  fresh  and  salt  water  and  serve  as  food 
for  a  great  variety  of  small  organisms,  and  indirectly  are  a  very 
important  source  of  food  for  the  larger  aquatic  animals  which 
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Fig.  572.  Chlorochromonas  minuta 


Above,  the  first  two  figures  show  different 
forms  assumed  by  the  flagellate;  the 
other  two  figures,  the  capture  and  en¬ 
gulfing  of  a  bacterium.  Lower  row, 
three  stages  in  division,  (x  1100). 

After  Lewis 
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are  used  by  man.  ScientificaUy  the  Chrysophyta  are  of  great  inter¬ 
est  because  they  show  lines  of  evolution  which  appear  to  start  from 
simple  flagellate  ancestors  and  which  radiate  out  m  various  direc- 
tio^  as  do  the  various  hues  of  evolution  in  the  green  algae.  Just  as 
the  ancestry  of  most  members  of  the  green  algae  can  be  traced  back 


Fsc.  573.  Ophiocytium  arhuscidum 

H  habit  I  J,  escape  of  zoospores.  K,  zoospore.  A-G,  development  of  <»bny 
trkm  zoosDore  -  the  dendroid  colony  results  when  zoospores  iMtead  of  s^- 
S  Tw  Sttl.  to  V  ..d  5  th.  mote  »n  „d  d.v*p 

(Compare  with  Fig.  486.)  After  Braun 

to  primitive  uniceUular  green  flageUates,  so  we  can  trace  the  mem¬ 
bers  of  the  Chrysophyta  to  simple  yellowish-green,  goldm-brown,  or 
brown  ancestors  (Figs.  572,  578).  The  various  lines  of 
in  the  Chrysophyta  paraUel  to  a  great  extent  those  of  the  Chloroph- 
yta,  but  evidence  indicates  that  evolution  in  the  two  div^ions  has 
teen  entirely  independent.  Types  paralleling  those  of  the  green 
algae  include  forms  of  various  habits,  such 
palmelloid  forms  including  dendroid  colonies  (Figs.  673,  580), 
filamentous  forms  both  branched  and  unbranched  (Fig.  574;, 
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Fic.  S74.  Tribonemm 

.Left,  a  filament  (after 
Gay  from  Oitmaims). 
Bight,  soospore®  (after 
■  Luther) 


forms  corresponding  to  the  Chlorococcaceae  among  the  green  algae 
(Fig.  575),  and  a  siphonaceous  genus  (Fig.  576),  while  the  diatoms 
occupy  much  the  same  position  among  the 
Chrysophyta  that  the  desmids  do  in  the 

Chlorophyta. 

That  the  Chrysophyta  had  a  common 
ancestry,  and  that  they  are  descended  from 
other  flagellates  than  those  which  gave  rise 
to  the  Chlorophyta,  is  indicated  not  only  by 
the  way  in  which  many  of  the  Chrysophyta 
can  be  traced  back  to  simple  yellowish-green 
golden-brown,  or  brown  flagellates,  but  also 
by  the  fact  that  there  are  a  number  of  fun¬ 
damental  characters  which  are  common  in 
the  division  Chrysophyta  and  which  differ¬ 
entiate  the  Chrysophyta  from  the  Chloroph¬ 
yta.  The  Chlorophyta  are  distinguished  by 
their  bright  green  color,  the  Chrysophyta  by 
the  abundance  of  yellowish-green  or  brown 
pigment.  The  Chkrophyta  store  food  in  the  form  of  starch,  while- 
the  Chrysophyta  do  not  store 
food  as  starch  but  as  oils  or 
leucosin.  The  cell  wall  of  the 
Chrysophyta  is  usually  com¬ 
posed  of  two  halves  one  of 
which  fits  into  the  other  (Figs. 

573,  577),  and  the  walls  are 
often  silicified.  The  flagellated 
cells  of  the  Chlorophyta  have 
flagella  of  equal  length;  a 
considerable  proportion  of  the 
Chrysophyta  are  characterized 

by  flagella  of  unequal  length,  v.r  ^7?  o  _ , 

ported  forwail  Zt 

and  the  short  one  backward.  Chrysophyta  as  CUorococcum  has 

•  ■ '  It  may  be  that  the  parallel-  “  the  Chhrophyta 

ism  between  the  lines  of  evo-  drawing  shows  an  individual  and 

tation  in  a».  Chhrcpt^  and 
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the  Chrysophyta  exists  because  the  ancestors  in  both  cases  belonged 
to  the  great  group  of  flagellates.  The  parallel  diversification  in  the 
two  groups  emphasizes  the  tendency  of  evolution  to  spread  out  in 
all  directions  which  lie  within  the  limits  of  the  possibilities  of  the 


Fi€.  576.  Botrydium 

habit  sketch  (X  2) ;  B,  an  individual,  showing  balloon-shaped  aerial  part 
and  branched  subterranean  portion ;  C,  B,  discharge  of  zoospores ;  for¬ 
mation  of  h3rpiiospores  in  underground  part;  F,  formation  of  zoospores  from 
hypnospores;  germination  of  hypnospores  to  form  new  plant.  (C-G,  after 
Rostafinski  and  Woronin) 

protoplasm  of  the  group.  This  tendency  is  further  emphasized 
by  the  variations  within  the  different  classes  of  Chrysophyta.  We 
have  seen  that  in  both  the  bacteria  and  the  blue-green  algae  evo¬ 
lution  has  taken  place  in  many  directions.  The  tendency  of 
evolution  to  produce  forms  which  radiate  out  in  various  directions 
is  therefore  not  peculiar  to  the  Chlorophyta  and  Chrysophyta^  but 
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is  in  fact  a  general  characteristic  of  evolution.  In  the  Chlorophyta 
and  Chrysophyta  the  radiating  lines  of  evolution  are  of  a  higher 
type  those  of  the  bacteria  and  blue-green  algae,  and  this 
may  be  connected  with  the  more  highly  differentiated  cellular 

organisation. 


Fig.  577.  Tribonema 

Upper  figure,  structure  of  cell  wall  as  brought  out  by  special  treatment.  The 
other  figures  show  stages  in  development  of  a  new  section  of  wall,  (x  630). 

After  Bohlin 

The  Chrysophyta  are  usually  regarded  as  less  important  than  the 
Chlorophyta.  It  is  generally  believed  that  it  is  among  the  green 
algae  that  we  must  look  for  the  ancestry  of  the  higher  plants, 
and  that  the  Chrysophyta  are  more  of  a  side  line  in  the  evolutionary 
process. 

The  Chlorophyta  are  much  more  prominent  in  the  vegetation  of 
the  world  than  are  the  Chrysophyta.  While  the  Chlorophyta  contain 
many  common  and  frequently  Gbserved  forms,  such  forms  (with 
the  exception  of  the  diatoms)  are  rare  among  the  Chrysophyta. 
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The  division  Chrysophyta  is  composed  of  three  classes :  Hetero^ 
kontae,  or  yellow-green  algae ;  the  Chrysophyceae,  a  class  containing 
many  flagellates  and  few  algal  forms ;  and  the  Bacillarieae^  or 
diatoms. 

Class  Heterokofitae  (Yellow-Green  Algae) 


General  characteristics.  The  Heterokontae,  a  diversified  group .  of 
small  organisms,  are  the  class  of  Chrysophyta  which  inost  nearly  parallel 
the  evolution  seen  in  the  Chlorophyta.  Unicellular  motile  forms  (Fig.  572) 


Fig.  578.  Chrysamoeba  radians,  one  of  the  Chrysophyceae 

Upper  row,  different  forms  assumed  by  an  individual ;  second  row,  stages  in 
division;  third  row,  cysts,  and  germination  of  cysts.  (X  500).  After  Scherffel 


and  zoospores  (Fig.  574)  have  two  flagella  of  unequal  length.  Usually  the 
longer  flagellum  is  directed  forward  and  the  shorter  one  backward.  The 
chromatophores  are  yellowish-green  owing  to  the  fact  that  the  chlorophyll 
is  present  in  small  amount  while  carotinoids  are  abundant.  The  cUoro- 
plasts  usually  lack  pyrenoids.  Reserve  food  is  stored  either  as  oils  or 
leucosin  and  never  as  starch.  Where  there  is  a  definite  cell  wall,  it  is  usu¬ 
ally  composed  of  two  overlapping  pieces  which  may  be  of  the  same  or  dif¬ 
ferent  sizes  (Figs.  573,  577) .  In  filamentous  species  the  wall  in  longitudinal 
section  appears  as  composed  of  a  series  of  overlapping  H-shaped  pieces 
(Fig.  577).  In  reality  one  piece  of  wall  has  the  shape  of  two  cups  joined 
together  by  the  bases.  Sexual  reproduction  is  found  only  in  a  few  forms. 
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The  most  primitive  of  the  Heterokofdae  are  uniceliiilar  motile  forins 
without  cell  walls  and  without  sexuality  (Fig.  572).  In  the  Heterohmtae^ 
as  in  the  green  algae,  we  find  palmeilaceous  forms,  including  both  non- 
motile  colonies  held  together  in  a  gelatinous  matrix  and  dendroid  colonies 
(Fig.  573) ;  filamentous  forms  (Fig.  574) ;  forms  corresponding  to  the 
Chlorococeales  of  the  green  algae  (Fig.  575) ;  and  a  siphonaceous  genus 
(Fig.  576).  There  are  no  motile  colonies  in  this  class. 


Fig.  579.  Colonial  Chrysophycem 

Left,  Chrysosphaerella  hngispina;  above,  Synura  uvella;  right,  Uroglma 
volvox.  (After  Lauterbora  and  Stein) 


Tribonema*  Tribonema  is  a  well-known  and  rather  common  filamen¬ 
tous  genus  (Fig.  574).  The  cell  wall  has  the  structure  described  above  for 
filamentous  species  (Fig.  577).  When  cell  division  occurs  an  H-shaped 
piece  (as  seen  in  longitudinal  section)  is  formed  across  the  middle  of  the 
ceil.  Layers,  which  are  successively  longer  and  longer,  are  formed  inside 
the  cups  until  the  new  piece  of  wall  reaches  mature  size.  Cells  are  uninu¬ 
cleate  and  with  few  to  many  chromatophores.  Asexual  reproduction  is  by 
aplanospores  or  by  zoospores  which  are  formed  singly  within  a  ceU.  The 
zoospores  have  two  flagella  of  unequal  length.  Sexual  reproduction  is  by 
the  fusion  of  isogametes. 

Eotrydium,  Boirydium  is  a  rather  common  alga  often  found  in  abun- 
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dance  on  muddy  or  damp  sofl.  It  is  of  great  interest  because  it  is  a  siphona- 
ceous  member  of  the  Heterokontae.  The  Botrydium  plant  consists  of  a 
bailoon-hke  aerial  portion  which  contains  the  chromatophores  and  a 
branched  colorless  underground  part  (Fig.  576).  In  the  vegetative  plant 


Fig.  580.  Bmohryon  sertularm 

A,  liabit  of  colony.  B,  an  individual;  note  tbe  unequal  fla^elk  and  tbat  iht 
individual  is  attached  at  the  base  to  an  urn-shaped  lorica  which  is  said  to  con¬ 
tain  cellulose  and  to  be  somewhat  impregnated  with  silica.  Reproduction  is 
by  the  division  of  one  mdividual  into  two  and  the  swimming  away  of  an  indi'wd- 
uai  'C  to  form  a  new  colony.  The  dendroid  colony  is  formed  by  the  settling 
of  the  individuals  in  the  open  mouth  of  the  lorica ;  B—F j  formation  of  new 
lorica.  (After  Stein  and  Klebs) 


there  are  numerous  nuclei  but  no  cross  walls.  Botrydium  reproduces' 
asexualiy  by  the  development  in  the  aerial  portion  of  very  numerous 
uninucleate  zoospores  with  flagella  of  unequal  length  (Fig.  576  B-B) ;  also 
by  the  development  of  aplanospores  in  the  aerial  portion  and  of  hypno- 
spores  in  the  underground  part  (Fig.  576  E-G),  Sexual  reproduction  is  by 
the  fusion  of  isogametes. 
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Fig.  581.  Phaeothamnion  confervicalum 


Left,  habit  of  plant.  The  circular  openings  are 
the  places  from  which  zoospores  have  escaped 
vX  600).  Right,  development  of  zoospores  (x  900). 
After  Logerheim 


Fig.  582.  Mullomonm  pyriformis,  one  o£  the 
Chrysophyceae 

k  motile  individual  and  stages  in  the  formation  of 
the  cyst.  (X  600).  After  Conrad 


Class  Chrysophyceae 

General  characteris¬ 
tics.  The  class  Chryso- 
phyceae  is  a  varied  group 
containing  many  flagel¬ 
late  forms  both  unicellu¬ 
lar  (Fig.  578)  and  colonial, 
and  only  a  few  algal  rep¬ 
resentatives.  Among  the 
flagellate  representatives 
there  are  both  motile 
colonies  (Fig.  579)  and 
colonies  which  are  at¬ 
tached  to  a  substratum 
(Fig.  580).  While  the  de¬ 
velopment  of  algal  forms 
is  comparatively  slight, 
there  are  a  sufficient  num¬ 
ber  of  forms,  and  these 
are  diversified  enough, 
to  show  that  evolution 
in  the  Chrysophyceae  has 
produced  very  much  the 
same  body  types  as  in 
the  Chlorophyta  and  the 
Heterokontae.  There  are 
palmelloid  forms  and  a 
few  filamentous  types 
with  cellulose  cell  walls 
(Fig.  581).  Also,  there 
are  forms  corresponding 
to  the  ChlorocQccttceae  in 
the  green  algae ;  but  no 
siphonaceous  genera  are 
known. 

The  chromatophores 
of  the  Chrysophyceae  are 
golden-brown  owing  to 
the  masking  of  the  chlo¬ 
rophyll  by  other  pig¬ 
ments.  Food  is  never 
stored  as  starch  as  is  the 
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case  in  the  Chlorophyta,  but  rather  as  oh  or  leucosin  as  in  the  ffetero- 
kontae.  The  motile  cells  may  have  a  single  flagellum,  two  flageUa  of 
equal  length,  or  two  of  unequal  length.  Those  which  have  two  flagella  of 

unequal  length  resemble 
the  Heterokontae  in  this 
respect;  but  in  having 
three  distinct  types  of 
flagellation  the  group  is 
distinctive.  Avery  unique 
character  of  the  class  is 
the  formation  of  distinc¬ 
tive  cysts  in  which  the 
wall  consists  of  two  sili¬ 
ceous  parts  of  very  un¬ 
equal  size  (Figs.  582, 583). 

One  part  of  the  wall  is 
shaped  like  a  flask,  the 
other  is  very  small  and 
is  like  a  stopper  in  the 
opening  of  the  flask.  The 
occurrence  of  walls  com¬ 
posed  of  two  parts  is  in¬ 
dicative  of  a  relationship 
to  the  Heterokontae,  where 
cell  walls  are  generally  of 
two  pieces,  one  fitting 
into  the  other.  Sexual  re¬ 
production  is  unknown 
among  the  Chrysophyceae, 


Fig.-  583.  Chromulina  jreiburgensis 
Germination  of  cyst,  (x  435).  After  Doflein 


Class  Bacillarieae 
(Diatoms) 

General  character¬ 
istics  of  diatoms.  The 
diatoms  occupy  a  posi¬ 
tion  among  the  Chry¬ 
sophyta  similar  to  that 
of  the  desmids  among 

the  Chlorophyta.  The  diatoms  are  very  common  aquatic  algae, 
being  abundant  in  both  fresh  and  salt  water  (Figs.  584, 585).  They 
are  distinguished  from  other  plants  by  their  siliceous  cell  walls. 


Fig.  584.  Forms  of  diatoms 
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which  are  in  two  parts  or  valves  that  fit  together  like  the  halves 
of  a  pill-box.  The  valves  have  markings  which  are  often  fine  and 


Fig.  585.  Stephanodiscm  hantzscManus^  a  diatom  witli  long  spines,  (X  310) 

After  Schroder 


beautiful  (Fig.  586).  The  chromatophores  are  usually  golden- 
brown  in  color  owing  to  the  masking  of  the  chlorophyll  by  a  brown 
pigment.  Diatoms  are  essentially  unicellular  plants,  but  in  some 
species  there  are  simple  colonies  in  which  the  ceils  are  held  together 


by  gelatinous  sheaths 
(Fig.  587).  Some  of  the 
elongated  diatoms  have 
a  very  distinct  gliding 
movement. 

Diatoms  are  usually 
divided  into  two  orders 
according  to  their  shape. 
In  the  more  primitive 
of  the  two  orders, .  the 
CeniraleSj  the  cell,  when 
viewed  from  above  or 
below  (that  is,  when  look¬ 
ing  at  the  surface  of  the 
valve),  is  radially  sym- 


Fig.  586.  A  diatom  cell  showing  markings 

From  Illustrated  London  News,  (Photomi¬ 
crograph  by  Group-Captam  C.  F.  A.  Portal, 
R.A.F.) 


metrical  and  is  often 
circular.  In  the  Pennales 
the  valve  is  not  circular, 
but  is  often  bilaterally 
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symmetrical.  In  the  Centrales  the  markings  on  the  valves  are 
radial ;  in  the  Pennales  they  are  often  bilateral. 


Movement  is  not  found  in  the  Centrales 
with  their  circular  valveSj  but  is  restricted 
to  the  Pennales^  which  have  elongated 
valves.  In  those  Pennales  which  exhibit 
movement,  there  is  a  long  narrow  opening 
or  cleft  which  runs  down  the  center  of  the 
valve.  Movement  is  believed  to  be  due  to 
the  streaming  of  protoplasm  in '  this  cleft. 

Asexual  reprodtiction*  The  chief 
method  of  reproduction  among  the 
diatoms  is  asexual,  by  the  division  of 
one  cell  into  two  (Fig.  588).  The  pro¬ 
toplast  enlarges  and  then  divides  in 
two,  one  daughter  protoplast  remain¬ 
ing  in  each  valve  of  the  mother  cell. 
Each  protoplast  then  secretes  a  new 
valve  around  the  naked  half  of  itself. 
The  new  valve  fits  into  the  old  valve 
derived  from  the  mother  cell.  Since 
one  valve  of 'any  diatom  is  slightly 
smaller'  than  the  other  and  fits  into  it, 
the  daughter  cell  formed  in  the  larger 
valve  is  of  the  same  size  as  the  mother 
diatom,  while  the  one  formed  in  the 
smaller  valve  is  of  smaller  size ;  there¬ 
fore  as  vegetative  reproduction  con¬ 
tinues  there  is  a  tendency  for  some  of 
the  diatoms  to  become  smaller  and 
smaller.  The  original  size  is  restored 
by  the  formation  of  auxospores.  In  the 
Centrales  this  takes  place  by  the  separa¬ 
tion  of  the  two  valves  of  a  cell  and  the 


Fig.  587.  Ltcmophora  flahel- 
lata^  a  colonial  diatom. 
(X70) 

After  Smith 


great  enlargement  of  the  protoplast,  which  becomes  surrounded 
by  valves  rather  similar  to  those  of  the  ordinary  vegetative  cells 
(Fig.  589).  This  auxospore  germinates  by  dividing  transversely 


to  form  two  daughter  diatoms  (Fig.  589). 
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Sexual  reproduction.  Auxospore  formation  in  the  Penrmhs  is, 
at  least' in  many  cases,  due  to  sexual  fusion  (Fig. 
cases  the  protoplasts' of  the  two  diatoms  conjugate  and  form  a 
single  auxospore.  In  other  cases  two  diatoms  fuse  to  form  two 
auispores.  In  such  cases  the  two  fusing  cells  ^come  surrounded 
by  a  gelatinous  envelope  and  each  divides  to  form  two  gametes^ 
E^h  Vmete  from  one  of  the  conjugatmg  dia^ms  fuses  with 
a  gamete  from  the  other  conjugating  diatom.  There  are  other 

In  quite  a  number  of  the  Centraks  the  protoplast  is  known  to 
di-vide  up  to  form  numerous  small  flagellated  structures  which 

are  often  called  microspores 
(Fig.  591).  These  are  probably 
flagellated  gametes. 

Relationship  of  diatoms.  The 
diatoms  have  several  promi¬ 
nent  characteristics  which  in¬ 
dicate  a  relationship  with  the 
Heterokontae  a,nd  Chrysophyceae 
and  justify  their  inclusion  in 
the  Chrysophyta.  These  include 
the  brown  color;  silicified  waUs  composed  of  two  halves,  one  of 
which  fits  into  the  other ;  the  absence  of  starch ;  and  the  storage 
of  food  in  the  form  of  oil.  The  occurrence  of  flagellated  reproduc¬ 
tive  bodies  in  many  of  the  Centrales^  the  more  primitive  order  of 
the  diatoms,  indicates  that  the  diatoms,  like  the  other  Chrysoph¬ 
yta,  are  descended  from  brown  flagellate  ancestors.  Thus,  while 
the  diatoms  are  very  distinct  from  the  Heterokontae  and  Chryso¬ 
phyceae,  they  possess  a  number  of  characteristics  that  indicate  a 
common  origin  for  the  three  groups. 

The  position  of  the  diatoms  in  the  Chrysophyta  is  very  similar 
to  that  of  the  Conjttgales  in  the  Chlorophyta,  We  note  particularly 
many  points  of  similarity  between  the  diatoms  and  the  desmids. 
Both  desmids  and  diatoms  are  essentially  unicellular.  Asexual 
reproduction  is  rather  strikingly  similar  in  the  two  cases.  In  both 
there  is  a  division  of  one  cell  into  two,  each  daughter  cell  retaining 
balf  of  the  wall  of  the  mother  cell.  In  both  the  protoplast  enlarges 
and  a  new  half  of  the  cell  wall  is  secreted  around  the  bulging 


Fig.  588.  Pimmlaria  viridis 

Two  daughter  diatoms  formed  by  divi¬ 
sion.  (X  365).  After  Muller 


Fig.  589.  Auxospore  formation  -iis  the  diatom  BMdulphm  mohiUensh 

Aj  mature  diatom;  B,  contents  of  daughter  cell  formed  by  division  beginning 
to  escape C,  B,  late  stages  of  escape ;  E-Gj  further  stages  in  auxospore  for¬ 
mation  ;  first  division  of  auxospore.  (x  195).  After  Bergon 

When  less  was  known  about  the  evolutionary  lines  in  algae, 
the  similarity  between  diatonas  and  desmids  led  some  authorities 
to  place  the  two  in  the  same  class.  The  difiFerences‘ between  thCs 


diatoms  and  the  desmids  are  all  very  fundamental,  and  are  very 
characteristic  of  the  Chrysophyta  and  Chlorophyta  respectively, 

_  •  Thus,  the  color  of  the 

'  diatoms  is  brown,  that  of 

desmids  bright  green, 
M  Reserve  food  stored  in 
diatoms  is  oil ;  in  the 
desmids,  starch.  The  cell 
^ ^  V— ^  Qjf  diatoms  is  of 

Flc.  590.  Stages  in  conjugation  of  the  diatom  si^icified  halves  One 

Cocconeis  placentula.  (After  Geitler)  of  which  fits  into  the 

other;  the  cell  wall  of 
.  \  /  \  /  desmids  is,  as  in  green  algae,  of 

VWrf  vksA  cellulose.  A  comparison  of  diatoms 

and  desmids  indicates,  therefore, 
that  the  differences  between  the 
two  are  due  to  their  belonging  to 
distinct  groups  with  separate  an- 
.  I  1  /  \  iTj^^  cestry.  Their  similarities  can  be 

t  /.  \  /  accounted  for  by  parallel  devel- 

opment,  which  may  be  taken  to 
indicate  a  certain  similarity  in 
protoplasm.  This  in  turn  suggests 
ttat  while  the  two  may  ha™  Le. 
I  /  ■  derived  from  different  flagellate 
1  /  \  (  ancestors,  these  ancestors  them- 
A  /V  Selves  were  related. 

■V  ^  ^  When  diatoms  decay  or  are  dk 

Fig.  591.  Microspore  formation  in  gested  by  animals,  the  siliceous 
Biddulphia  mobiliensis  (X200)  _ 3  i?  n  • 

j  •  £  r'  •  valves  remain,  and  these  fall  •  in 

oculus.  Compare  Fig.  589  Considerable  quantities  to  the  bot- 
Aftex  Bergon  and  Pavillaid  tom  of  a  body  of  water  in  which 

diatoms  are  abundant.  Tremen¬ 
dous  deposits  of  diatomaceous  earth  have  been  formed  in  this  way. 
One  of  the  most  familiar  uses  of  this  material  is  in  scouring  prepara¬ 
tions  ;  but  only  a  very  minor  portion  of  the  diatomaceous  earth  used 
commercially  is  employed  as  scouring  material.  It  is  extensively 
used  for  filtering  and  for  insulation.  It  has  other  important  uses. 


oculus.  Compare  Fig-  589 
After  Bergon  and  Pavillard 


Fig.  592.  Dino flagellates 

Upper  Gymnodinium,  a  form  without  plates;  upper  richt,  Goniavlca 

g  “d^dual  a  stage  in  division,  and  young  daughter  cells 

After  Kofoid-Swezy,  Conrad,  and  Lauterborn 
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PYRROPHYTA 
Class  Dinophyceae 

Systematic  position.  In  this  chapter  we  have  just  considered  the  sub¬ 
division  Chrysophyta.  The  Dinophyceae  belong  to  stih  another  division  oi 
subdivision,  the  Pyrrophyta.  The  Dinophyceae  appear  to  be  derived  from 
or  related  to  a  class  of  flagellates,  the  Cryptophyceae,  the  two  classes  form¬ 
ing  the  division  Pyrrophyta.  The  Dinophyceae  are  small  organisms  with  a 
brown  color.  They  are  considered  here  for  convenience  and  not  because 
they  are  believed  to  be  closely  related  to  the  Chrysophyta, 

General  characteristics.  The  Dinophyceae  are  typically  yellow-brown 
in  color,  and  the  stored  food  is  either  starch  or  oil.  The  great  majority  are 
motile  unicellular  organisms  known  as  dinoflagellates.  A  few  have  naked 
cells,  but  nearly  all  have  cellulose  walls,  which  are  often  in  the  form  of 
complicated  sculptured  plates  (Tig.  592) .  A  very  characteristic  feature  is 
the  presence  of  two  grooves  one  of  which  encircles  the  cell  transversely 
while  the  other  runs  longitudinally  along  one  side.  Where  the  grooves 
cross  each  other,  two  flagella  are  inserted.  One  is  an  undulating  strip 
which  lies  in  the  transverse  groove ;  the  other  runs  down  a  portion  of  the 
posterior  groove  and  stretches  out  behind  the  cell  (Fig.  592).  The  flagel¬ 
lum  in  the  transverse  groove  appears  to  be  largely  responsible  for  the 
rotation  of  the  organism,  and  the  other  flagellum  for  the  forward  move¬ 
ment.  The  Dinophyceae  are  remarkable  for  the  very  large  number  of  uni¬ 
cellular  flagellate  forms  and  the  small  development  of  other  types.  There 
are^  however,  unicellular  non-motile  forms  and  very  simple  filamentous 
ones,  and  these  reproduce  by  zoospores  that  have  the  typical  appearance 
of  dinoflagellates.  Dinoflagellates  reproduce  asexually  by  the  division  of 
one  ceil  into  two  dissimilar  halves,  after  which  each  half  develops  anew 
the  missing  part  (Fig.  692).  Sexual  reproduction  has  been  reported  in  one 
of  the  Dinophyceae^  but  indications  are  that  it  must  be  of  very  rare  occur¬ 
rence  in  the  class. 

Dinoflagellates  are  found  in  both  fresh  and  salt  water  and  are  fre¬ 
quently  abundant  in  warmer  seas.  They  are  often  an  important  constitu¬ 
ent  of  the  floating  microscopic  flora,  and  are  thus  an  important  source  of 
food  for  marine  animals. 


CHAPTER  XXII 

PHAEOPHYTA  (BROWN' ALGAE) 

General  characteristics.  The  brown  algae  are  a  very  large 
group  of  algae  with  a  predominating  brown  color,  from  which  they 
get  their  name.  They  are  nearly  all  marine.  ¥ery  simple  and  primi¬ 
tive  forms,  which  are  so  numerous  in  the  green  algae,  are  not  known 
among  the  brown  algae.  The  simplest  forms  are  branched  fila¬ 
mentous  ones.  While  many  of  them  are  small  and  filamentous, 
there  are  many  others  which  are  characterized  by  large,  tough, 
expanded  thalli,  and  among  them  there  is  a  great  variety  of  forms. 
Owing  to  their  large  numbers  and  to  the  considerable  size  of  many 
of  them,  the  brown  algae  are  very  conspicuous  objects  along  rocky 
coasts.  While  they  are  abundant  in  the  tropics,  they  are  even  more 
prominent  in  colder  waters.  The  characteristic  floating  vegetation 
of  the  Sargasso  Sea  (discovered  by  Columbus,  who  spent  some 
days  in  passing  through  it  in  1492)  is  one  of  the  brown  algae, 
Sargassum  (Fig.  625) .  Brown  algae  are  normally  attached  to  a 
substratum,  and  it  is  generally  believed  that  currents  bring  fresh 
supplies  of  floating  Sargassum  to  the  great  whirl  of  the  Sargasso 
Sea  from  the  coasts  toward  the  southwest.  To  the  brown  algae 
belong  the  kelps,  among  which  we  find  the  largest  of  all  submerged 
plants,  some  of  which  are  many  meters  in  length.  Kelps  often 
form  immense  beds  in  colder  waters ;  those  off  the  west  coast  of 
the  United  States  are  well  known.  Also,  in  colder  waters,  brown 
algae  form  as  a  thick  covering  on  rocks  exposed  by  low  tides. 

Cell  structure.  The  brown  algae  are  multicellular,  and  each  cell 
is  uninucleate.  As  in  the  green  algae  and  higher  plants,  all  of  the 
brpwn  algae  have  a  well-developed  nucleus  and  distinct  chroma- 
tophores.  The  nucleus,  like  that  of  green  algae  and  higher  plants, 
has  a  definite  limiting  nuclear  membrane  and  divides  by  the  com¬ 
plicated  process  of  mitosis.  The  chromatophores,  in  addition  to  the 
ordinary  chlorophylls  and  carotin  and  xanthophyll  found  ,  in  green 
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algae  and  higher  plants,  contain  an  additional  brown  pigment 
called  fucoxanthin.  The  brown  color  is  due  to  the  fact  that  the 
brown  pigments,  carotin,  xanthophyll,  and  fucoxanthin,  and  par¬ 
ticularly  the  last,  mask  the  chlorophyll.  In  the  brown  algae,  as  in 
the  green  algae  and  higher  plants,  photosynthesis  results  in  the  pro¬ 
duction  of  saccharides,  and  in  them  food  is  stored  in  the  form  of  a 
polysaccharide  or  as  fat.  However,  there  is  the  -great  difference 
that,  while  in- the  green  algae  and  higher  plants  starch  (a  poly¬ 
saccharide)  is  very  prominent  as-  a  reserve  food  material,  this 
substance  is  not  known  in  the  brown  algae.  In  them  another  poly¬ 
saccharide,  laminarin,  is  prominent. 

;■  Reproduction.  In  the  simplest  of  the  brown  algae  sexual  repro¬ 
duction  is  by  the  fusion  of  similar  gametes.  In  some  types  it  is  by 
the  fusion  of  large-  and  small  gametes,  and  in  still  others  by  the 
fertilization  of  large  non-motile  eggs  by  small  motile  spermatozoids. 
In  the  brown  algae,  therefore,  as  in  the  green  algae,  we  find  various 
.grades  of  sexual  differentiation.  Most  of  the  brown  algae  have  an 
alternation  of  an  asexual  generation  reproducing  by  means  of 
asexual  ' spores  and  a  sexual  generation  which  produces  gametes 
(Fig.  593).  Typically,  the  motile  cells  of  the  brown  algae,  whether 
zoospores,  isogarnetes,  heterogametes,  or  spermatozoids,  have  two 
flagella  which  are  attached  at  the  -side  in  such  a  way  that  one 
'  flagellum  is  directed  forward  and  the  other  backward.  In  some  of 
the  brown  algae  the  sexual  and  asexual  generations  are  alike  except 
in  the  characters  of  the  reproductive  organs  and  sexual  cells.  In 
other  cases  the  sexual  plants  are  large,  the-  asexual  ones  very  much 
smaller.  In  still  others  the  asexual  plant  is  large,  even  of  immense 
size,  while  the  sexual  plants  are  minute ;  this  is  true  in  the  kelps. 
In  the  FmaleSj  to  which  the  well-known  genera  Fmus  and  Sar- 
gasswn  belong,  there  are  no  zoospores,  and  reproduction  is  always 
due  to  the  fertilization  of  a  large  non-motile  egg  by  a  small  sper- 
matozoid.  In  the  brown  algae  there  are  no  resting  reproductive 
cells,  as  both  zoospores  and  the  cells  resulting  from  sexual  fusion 
geminate  without  undergoing  any  period  of  rest. 

The  division  contains  a  single  class,  the 

which  different  authorities  divide  into  different  numbers  of  orders.  For 
convenience  we  will  discuss  five  different  types,  each  of  which  may  be 
considered  as  representing  a  different  order. 


Asexual 


Cutkria 


.  Laminaria 


Dktyota 


Fig.  593.  Four,  types  of  alternatioii  of  generations  in  the  brown  algae 

Each  has  one  type  of  asexual  plant  and  two  (male  and  female)  of  sexual  plants. 
In  EctocarpiLS  all  plants  are  alike  vegetatively.  In  Cutleirid  the  asexual  plants, 
in  haminarict  the  sexual,  are  small.  Lhctyotci  differs  from  MctocaTpus  in  that 
small  motile  spermatozoids  fertilize  large  non-motile  eggs 
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ECTOCARPUS  OF  THE  ORDER  ECTOCARPALES 


General  characteristics.  Ectocarpus  is  a  very  common  filamen- 
tons  alga  found  in  salt  water.  The  filaments  grow  in  tufts  and 
branch  profusely  (Figs.  594,  595).  The  numerous  slender  brown 
filaments  give  the  plants  a  soft  fuzzy  appearance,  and  as  they  occur 
in  nature  they  often  form  a  dense  fuzzy  coating  over  the  sub¬ 
stratum  on  which  they  grow. 

Sexual  reproduction-  In  Ectocarpus  there  is  an  alternation  of  a 
sexual  generation,  reproducing  by  means  of  gametes  which  are 

very  much  alike,  and  an  asexual  gen¬ 
eration  which  produces  zoospores  (Fig. 
593).  In  vegetative  structure  the  two 
types  of  plants  are  alike.  The  sex¬ 
ual  plants  are  haploid  and  produce 
gametes.  These  are  formed  in  elon-' 
gated  structures  known  as  gametangia 
(Fig.  596).  A  gametangium  is  com¬ 
posed  of  many  small  cubical  cells  in 
each  of  which  a  gamete  is  formed.  The 
gametangium  is  called  a  multilocular 
gametangium  because  it  contains  many 


Fig.  594.  Ectocarpus  silicw' 
losus,  (  X  i) 


cells  or  locules.  In  common  with  other 
motile  cells  among  the  brown  algae, 
each  gamete  has  two  laterally  inserted 


flagella,  one  of  which  is  directed  forward  and  the  other  backward. 


The  sexual  plants  all  look  alike,  even  including  the  gametangia  and 
the  gametes.  Actually  there  are  two  kinds,  one  producing  male 
gametes  and  the  other  female  gametes.  There  may  be  a  difference 
in  size  in  the  gametes  produced  by  male  and  female  plants,  the 
female  gametes  being  slightly  larger  than  the  male.  The  difference, 
however,  is  shown  in  activity  rather  than  in  structure,  male  gametes 
being  attracted  to  a  female  gamete  (Fig.  597) .  A  number  of  male 
gametes  may  cluster  around  a  single  female  gamete.  Finally  a 
male  gamete  fuses  with  the  female  gamete. 

Asexual  reproduction.  The  resulting  zygote  formed  by  the 
fusion  of  a  male  and  a  female  gamete  germinates  to  produce  an 
asexual  |ilant.  This  asexual  plant  is  diploid,  and  in  vegetative 
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structure  is  exactly  like  the  sexual  plant,  but  produces  zoospores. 
These  are  of  two  kinds,  formed  in  two  different  types  of  zoospo¬ 
rangia  (Figs.  595,  598,  599).  One  type  of  zoosporangium  is  like  the 


^  ^  Fig.  596.  Ectocarpus  with  multi- 

After  Setchell  and  Gardner  locular  gametangia.  ( X  145) 


gametangia  of  the  sexual  plants  and  is  composed  of  many  cubical 
cells.  This  type  is  known  as  a  plurilocular  zoosporangium.  A 
zoospore  is  formed  in  each  cell  (Fig.  598).  These  zoospores  are 
diploid,  and  on  germination  give  rise  to  other  asexual  plants  like 
the  one  on  which  they  were  produced.  It  is  not  uncommon  to  find 
asexual  Ectocarpus  plants  bearing  only  plurilocular  zoosporangia ; 
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Fig.  597.  Fertilization  in  Ectocarpus  siliculosm 

Upper  left,  attaclmient  of  female  gamete;  upper  right,  many  male  gametes 
attached  to  a  female  gamete;  below,  fusion  of  male  and  female  gametes. 
(X  700),  After  Berthold 


Fig.  598,  Ectocearpus  silicidosus 

Left,  zoospores  formed  in  plurOocular  zoo- 
sporangia  and  escaping;  right,  germina¬ 
tion  of  zoospore.  (X250).  After  Thuret 


and,  as  these  zoosporangia 
have  the  same  structure  as  the 
gametangia  of  sexual  plants, 
it  is  not  possible  by  looking  at 
them  to  distinguish  such  asex¬ 
ual  plants  from  sexual  ones. 
The  other  type  of  zoosporan¬ 
gium  is  one  cell,  usually  termi¬ 
nating  a  small  branch,'  within 
which  a  number  of  zoospores 
are  produced  (Fig.  599).  This 
type  is  called  unilocular  be¬ 
cause  it  is  not  divided 'up  by 
cell  walls  as  is  the  plurilocular 
zoosporangium.  The  first  di¬ 
visions  of  the  nucleus  of*  the 
mother  cell  of  the  unilocular 
zoosporangium  are  meiotic  or 
reducing  divisions,  so  that  the 
zoospores  produced  in  the  uni- 
locuJar  zoosporangia  are  hap¬ 
loid.  They  produce  haploid 
sexual  plants,  completing  the 

alternation  of  generation^ 
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In  the  life  history  of  Ectocarpus  there  is,  as  outlined  above,  an  alterna¬ 
tion  between  gametophytic  plants,  some  producing  male  gametes  and 
others  female,  and  sporophytic  plants  which  produce  diploid  zoospores 
and  .haploid  zoospores.  There  are  various  complications  in  the  life  histoiy 
of  Ectocarpus  which  interfere  with  the  strict  alternation  of  gametophytic 
and  sporophytic  plants.  The  sporophytic  plants  may  reproduce  indefinitely 
by  the  production  of  diploid  zoospores.  The  gametes  from  the  haploid 
gametophytic  plants  may  germinate 
parthenogenetically ;  that  is,  instead  of 
fusing,  they  may  act  as  zoospores  and 
germinate  directly  to  form  other  gameto¬ 
phytic  plants.  Thus  the  gametophytic 
generation,  like  the  sporophytic  one, 
may  be  prolonged  indefinitely.  The 
haploid  zoospores  formed  in  unilocular 
sporangia  may  act  as  gametes  and  fuse 
to  give  rise  to  diploid  gametophytic 
plants.  In  such  a'  case  the  gameto¬ 
phytic  generation  is  omitted. 

CUTLERIA  OF  THE  ORDER 
CUT  LERI  ALES 

General  characteristics.  Cuileria 
(Fig.  593)  is  very  interesting  on  account 
of  the  type  of  the  alternation  of  gener¬ 
ations  which  it  shows  and  because  the 
male  and  female  gametes  are  very  dif¬ 
ferent  in  size  (heterogametes).  The 
plants  of  the  sexual  and  asexual  gener¬ 
ations  are  so  different  from  each  other  not  only  in  size  but  also  in  struc¬ 
ture  and  appearance  that  they  were  regarded  as  being  different  and 
unrelated  plants ;  and  it  has  only  been  in  comparatively  recent  times  that 
they  have  been  shown  to  be  simply  the  sexual  and  asexual  generations  of 
the  same  plant.  In  the  sexual  generation  there  are  two  kinds  of  plants, 
male  and  female,  which  are  alike  except  for  comparatively  sHght  differ¬ 
ences  connected  with  the  gametangia  (Fig,  600).  The  sexual  plants  are 
of  fair  size  and  with  many  branches,  while  the  asexual  plant  is  a  small 
fiat  thallus  which  is  lobed  rather  than  branched. 

Sexual  reproduction.  The  gametes  are  produced  in  gametangia  found 
in  hairy  patches  on  the  sexual  plants  (Fig.  600).  The  male  gametangia, 
found  on  male  plants,  are  elongated  structures  bearing  considerable  re¬ 
semblance  to  the  plurilocular  gametangia  of  Ectocarpus.  They  are  borne 
in  large  numbers  on  much-branched  filaments.  The  female  gametangia, 


Fig.  599.  Unilocular  sporangium 
of  Ectocarpus,  (  X  325) ; 


Fig.  600.  Cutleria  multifida 

A,  habit  of  sexual  plant  (x  i);  B,  cross  section  of  plant;  €,  female  game- 
tangia  and  gametes;  B,  male  gametangia  and  gametes.  (Sections  and 
gametes  after  Thuret) 


/t 


Fig.  601.  Cuthria  mtdtifida 

Af  the  large  female  gamete;  B,  the  same  at 
rest  and  surrounded  by  small  male  gametes, 
one  of  which,  m,  is  shown  in  the  act  of  fusion 


Fig.  602.  Zygote  of 
Cutleria  multifida&md 
its  germination 


I 


i 


After  Falkenberg 


Fig.  604.-  Cuderia 
multifida 

Asexual  plant.  (Natu¬ 
ral  size) 
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produced  by  female  plants,  are  much  stouter  than  the  male  and  produce 
comparatively  few  gametes.  Both  male  and  female  gametes  are  biflagella te. 
The  female  gametes  are  very  much  larger  than  the  male  gametes.  The 
difference  is  so  great  that  in  size  the  female  and  male  gametes  are  like  eggs 


Fig.  605.  Asexual  plant  of  Cidleria  multifida 


Above,  section  showing  zoosporangia  at  upper  surface  (x  130) ;  below,  zoo¬ 
sporangia  (X  665),  zoospores  (X  800),  and  germination  of  zoospore.  (After 

Kuckuck) 

and  spermatozoids.  The  zygote  formed  by  the  fusion  of  female  and  male 
gametes  (Fig.  601)  germinates  (Fig.  602)  to  produce  the  small  asexual 
plant  (Figs.  603,  604). 

Asexual  reproduction.  The  zoospores  are  formed  in  elongated  saclike 
sporangia  which  are  produced  in  large  numbers  on  the  upper  surface  of 
the  small  asexual  plant  (Fig.  605).  ‘When  these  zoospores  germinate,  they 
give  rise  to  male  and  female  plants. 


Fig.  608.  Some  brown  algae 

Upper  left,  Chorda  filum  (x  i);  upper  center,  Alaria  valida  (x  ■^);  upper 
right,  Ulopteryx  (x  ;  lower  left,  Alaria  doUchorhacMs ;  lower  right,  Agarum 
cirrosum  (x  ^).  Ulopteryx  is  much  used  by  the  Japanese  as  food.  {Alaria 
dolichorhachis  after  Kjellman) 
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Kelps.  The  Laminariales  are  popularly  known  as  kelps.  Among 
these  we  find  the  largest  and  stoutest  of  seaweeds,  some  of  them 
many  meters  in  length.  The  longest  of  them  are  composed  of  long, 

stout  cordlike  structures  with 
leaflike  branches  (Fig.  606). 
Among  the  kelps  we  also  find 
treelike  forms  (Fig.  607),  and 
many  other  interesting  types  of 
large  stout  plants  (Fig.  608). 
The  genus  Laminaria  is  a  large 
and  prominent  genus  of  the 
Laminariales,  or  kelps.  Some 
species  of  Laminaria  consist  of 
long  expanded  sheets  with  a 
stout  basal  cord  which  is  held 
to  the  substratum  by  a  stout 
holdfast.  Other  species  have 
branched  thalli  (Fig.  609). 

Asexual  reproduction.  The 
Laminariales  show  a  very  inter- 


Fig.  609.  Laminaria  dentigera 
Modified  after  Kjellman 


Fig.  610.  Zoospores  of  Laminaria 
saccharina,  (X  1200) 

After  Kuekuck 


esting  type  of  alternation  of  generations  (Fig.  593).  They  differ 
from  any  of  the  plants  which  we  have  considered  in  that  the  asexual 
generation  is  a  large  plant  while  the  plants  of  the  sexual  generation 
are  minute.  The  large  conspicuous  plant  (Fig.  609)  of  Laminaria 
is,  then,  the  asexual  generation,  and  is  diploid.  It  produces  haploid 
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Fig.  611.  Haligenia  hulbosa 

Left,  portion  of  a  thallus  showing  sporangia  among  sterile  filaments,  the 
paraphyses ;  right,  sporangia,  paraphyses,  and  zoospores.  (After  Thiiret) 


Fig.  612.  Laminaria  saccharina 

Above  and  center,  female  plants  with 
oogonia;  below,  male  plants  with  an- 
theridia.  (x  600).  After  Kuckuck 


zoospores  (Fig.  610)  in  cylin¬ 
drical  sporangia  which  occur 
in  vast  numbers  on  the  sur¬ 
face  of  the  thallus  (Fig.  611). 

Sexual  reproduction.  As 
the  zoospores  are  haploid, 
they  give  rise  to  haploid 
plants,  some  of  which  are 
male  and  others  female. 
Both  male  and  female  plants 
are  minute  (Fig,  612).  The 
male  plants  are  small  fila¬ 
ments  which  bear  antheridia 
that  produce  spermatozoids. 
The  female  plants  consist  of 
only  a  few  cells,  sometimes 
only  one ;  any  cell  may  be¬ 
come  an  oogonium  and  pro¬ 
duce  a  large  non-motile  egg, 
A  spermatozoid  fertilizes  an 
egg,  and  the  resulting  zygote 
germinates  to  produce  the 
large  asexual  plant. 


Fig.  613.  Dictyota  dichotoma 


A,  habit  of  plant  (X  §);  B,  section  through  tetrasporangia  showing  stages  in 
formation  of  tetraspores;  C,  surface  view  of  thailus  with  tetrasporangia  from 
some  of  which  tetraspores  have  escaped ;  D,  germination  of  tetraspores.  (All 
except  habit  aher  Thuret) 


Fig.  615.  Dictyota  dichotoma 

Section  througk  thailu^  bearing  antberidia;  also  spermatojsolds,  (After 
Thuret  and  Williams) 
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General  characteristics, 
brown  algae  is  the  diversity 
in  the  different  orders.  In 
Dictyota^  as  in  Ectocarpm^ 
both  generations  are  alike 
in  vegetative  structure 
(Fig.  593) ;  but  Dictyota 
differs  in  various  features. 
In  it  large  non-motile  eggs 
are  produced  by  female 
plants  and  small  motile  uni¬ 
flagellate  spermatozoids  by 
male  ones.  A  Dictyota  plant 
is  a  flat  dichotomously 
branched  thallus  with  rib- 
bonlike  branches  (Fig.  613). 

Sexual  reproduction. 
In  the  sexual  generation 
of  Dictyota  there  are  two 
kinds  of  plants,  male  and 
female.  The  female  plants 
produce  eggs  in  single- 
celled  oogonia  which  occur 
in  patches  on  the  surface 
of  the  thallus  (Fig.  614). 
Spermatozoids  are  formed 
in  tremendous  numbers  in 
groups  of  antheridia  which 
are  found  on  the  surface  of 
the  male  plants  (Fig,  615). 
The  eggs  and  spermato¬ 
zoids  are  discharged  into 
the  water,  and  an  egg  is 
fertilized  by  a  spermato- 
zoid  (Fig.  616) .  As  in  other 
brown  algae  with  an  al¬ 
ternation  of  generations, 
the  plants  of  the  sexual 
generation  are  haploid  as 
the  gametes  are,  while  the 
fertilized  egg  is  diploid. 


One  of  the  most  interesting  features  of  the 
of  types  of  alternation  of  generations  found 


I  IS 


Fig.  616.  Dictyota  dichotoma 

Section  through  egg.  Three  of  the  many  sper¬ 
matozoids  which  were  attached  to  it  are  drawn. 
Note  difference  in  size  between  egg  and  sper- 
matozoid.  (After  Williams) 


Fig.  617.  Padina  australis,  a  relative  of 
Dictyota.,  (  X  f) 


Fig.  618.  Fucus^  a  brown  alga 

A,  eomplete  plant,  showing  holdfast  attached  to  rock  and  expanded  fertile  tips 
of  thallns  (x  J).  The  dots  in  the  fertile  tips  are  openings  into  flask-shaped 
conceptacles  containing  gametes  (eggs  and  spermatozoids ;  whether  in  the  same 
conceptacles  or  on  different  plants  depends  on  the  species).  section  of  con- 
ceptacle  showing  branched  antheridial  filaments  and  oval  oogonia,  each  when 
mature  containing  eight  eggs  (x  65).  C,  antheridial  filament  with  numerous 
antheridia,  each  containing  many  spermatossoids  (x  160) 
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Asexual  reproduction.  The  fertilized  egg  germinates  to  produce  a 
diploid  asexual  plant.  The  spores  produced  by  these  asexual  plants  are 
very  different  from  those  found  in  other  orders  of  brown  algae  (Fig.  613). 
We  have  seen  that  in  Ectocarjms,  Cvtleria,  and  Laminaria  the  asexual 
spores  are  biflagellate  zoospores.  In  Dictyota  the  asexual  spores  are  large 
non-motile  ones  which  are  known  as  tetraspores.  They  get  their  name 


from  the  fact  that  four  of  them  are 
produced  in  a  sporangium.  The 

sporangia  are  known  as  tetraspo- 
rangia;  they  are  large  rounded 
structures  found  in  patches  on  the 
surface  of  the  thallus  of  an  asex¬ 
ual  plant.  On  germination  the 
tetraspores  give  rise  to  sexual 
plants,  some  of ,  which  are  male 
and  others  female.  Meiosis  occurs 
during  the  nuclear  divisions  in  the 
tetrasporangium,  so  that  the  tet¬ 
raspores  are  haploid. 

FUCUS  OF  THE  ORDER 
FUCALES 

General  characteristics.  The 
genus  Fucus  is  a  very  common 
marine  alga,  widely  distributed 
in  colder  waters  (Fig.  618). 
The  Fueales  differ  from  the 
other  orders-  of  brown  algae  in 


•Fig.  619.  Fucus  vesiculosus 

Above,  antheridium  from  which  sper- 
matozoids  are  escaping;  and  below, 
a  single  egg  surrounded  by  many  sper- 
matozoids.  (X  330).  After  Thuret 


that  they  do  not  produce  asex¬ 
ual  reproductive  cells,  reproduction  being  always  due  to  the  ferti¬ 
lization  of  an  egg  by  a  spennatozoid  (Fig.  619) .  There  is  therefore 
no  alternation  of  distinct  asexual  and  sexual  plants.  A  Fucus 
plant  consists  of  a  flattened,  dichotomously  branched  thallus  with 
a  stout  basal  stipe  connecting  the  expanded  thallus  to  the  stout 
holdfast.  In  the  thallus  of  some  species  there  are  swollen  places 
or  bladders  which  are  filled  with  air.  The  tips  of  the  branches  are 
also  swollen,  and  it  is  in  these  swollen  tips  that  reproductive  cells 
•  are  produced.  They  are  found  in  flask-shaped  structures  known 
as  concept acles  which  are  embedded  in  the  swollen  tips.  Numer¬ 
ous  unbranched  multicellular  sterile  hairs  known  as  paraphyses 
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grow  from  the  lining  of  the  conceptacle  into  the  cavity.  Among 
these  are  found  the  oogonia  and  antheridia  (Fig.  618). 

Reproduction*  Depending  on  the  species,  both  oogonia  and 
antheridia  may  be  found  in  the  same  conceptacle,  or  all  concep- 
tacles  of  one  plant  may  contain  only  oogonia  or  only  antheridia. 
In  the  first  case  the  plants  are  bisexual  (that  is,  they  produce  both 
male  and  female  reproductive  cells) ;  in  the  second,  the  plants  are 
unisexual  and  are  of  two  kinds,  rnale  and  female. 

The  antheridia  are  oval  saclike  structures  which  are  borne  in 
considerable  numbers  on  much-branched  special  filaments  (Fig. 

618).  The  antheridia  contain  a  large 
number  (sixty-four)  of  spermatozoids 
(Figs.  619, 620).  The  oogonium  consists 
of  a  stalk  ceil  and  the  oogonium  proper. 
An  oogonium  is  formed  from  a  single 
cell,  and  when  ripe  contains  eight  eggs 
(Figs.  618,  621). 

The  oogonium  when  young  has  a  single 
nucleus.  This  nucleus  divides  to  form  eight 
nuclei,  and  then  the  protoplast  divides  up 
to  form  eight  eggs,  each  containing  one  of 
the  nuclei.  The  eight  eggs  are  surrounded 
by  the  wail  of  the  mother  cell  (Fig.  621). 
The  antheridium,  like  the  oogonium,  starts 
as  a  single  cell.  Its  nucleus  divides  to  form 
32  nuclei,  and  the  protoplast  then  divides  up  to  form  32  parts,  each  con¬ 
taining  one  of  the  nuclei.  There  is  one  more  division,  and  this  results  in 
the  formation  of  64  spermatozoids.  When  the  antheridium  ripens,  the 
outer  part  of  the  wall  dissolves  at  the  tip,  and  the  spermatozoids  in  one 
mass  still  surrounded  by  the  inner  layer  of  the  antheridium  wall  are  dis¬ 
charged  through  the  opening  in  the  outer  layer;  finally  one  end  of  the 
inner  layer  of  the  wall  dissolves  and  the  spermatozoids  are  set  free.  Like¬ 
wise  when  the  eggs  are  discharged  they  are  in  one  mass  still  surrounded 
by  the  two  inner  layers  of  the  oogonium  wall;  the  outermost  of  these 
membranes  goes  to  pieces  at  the  tip  end,  and  the  eggs  in  one  mass  still 
surrounded  by  the  innermost  membrane  escape;  one  end  of  the  inner¬ 
most  membrane  then  goes  to  pieces,  and  the  eggs  are  set  free.  The  eggs 
are  very  large,  and  fioat  in  the  water,  where  they  may  become  surrounded 
by  a  swarm  of  spermatozoids  so  numerous  that  the  egg  is  actually  set  in 
motion  and  begins  to  rotate.  One  spermatozoid  finally  enters  the  egg  and 


Fig.  620.  Spermatozoids  of 
Fucu$,  (x  1100) 

After  Kylin 
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fertilizes  it.  The  fertilized  egg,  or  zygote,  develops  directly  into  a  new 
Fvcus  plant  (Figs.  622,  623). 

Alternation  of  generations  in  Fucus.  The  Fucm  plant  is  diploid. 
Meiosis,  or  reduction  in  the  number  of  chromosomes,  takes  place  in  the 
first  two  cell  divisions  of  the  antheridium  and  oogonium  respectively. 


Fig.  621.  Fucm  vesiculosm 

Escape  of  eggs  from  oogonium :  A,  single  oogonium  surrounded  by  sterile  fila¬ 
ments;  B,  contents  of  the  oogonium  surrounded  by  two  layers  of  the  oogo¬ 
nium  wall  have  escaped  from  the  outer  layer  of  the  oogonium  waU;  C—E, 
escape  of  eggs  surrounded  by  the  inner  layer  of  the  oogonium  wall  from  the 
middle  layer  of  the  oogonium  wall;  F,  escape  of  eggs  from  inner  layer  of 
oogonium  wall.  (After  Thuret) 

Therefore  at  the  four-nucleate  stage  of  both  antheridium^  and  oogonium  the 
nuclei  are  haploid.  From  this  it  follows  that,  beginning  with  the  four- 
nucleate  stage  and  continuing  until  the  formation  of  spermatozoids  and 
eggs,  the  nuclei  of  the  antheridium  and  oogonium  are  haploid.  The  diploid 
condition  is  restored  when  the  egg  is  fertilized  by  a  spermatozoid. 

In  Fucus  there  is  no  alternation  of  two  distinct  and  independent  Imds 
of  plants.  For  this  reason  some  botanists  say  that  in  Fucus  there  is  no 
alternation  of  generations.  However,  a  diploid  gametophyte  is  certainly 
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.exceptional,  and  we  have  noted  that  the  gametophytes  in  the  other  groups 
of  brown  algae  are  haploid.  Some  authorities  suggest  that  the  Fticus  plant 
may  represent  an  asexual  generation  and  the  gametes  a  sexual  one.  In 
Laminaria  the  female  gametophyte  may'  consist  of  only  a  single  cell  the 


contents  of  which  form'  an  egg.  It 
has  been  suggested  that  in  Fucus  the 
reduction  of  the  gametophyte  is  more 
extreme  and  that  the  asexual  spores 
have  become  modified  and  function 
directly  as  gametes.  If  we  assume  that 
there  was  a  regular  alternation  of  gen¬ 
erations  in  the  ancestry  of  Fucus  it 
may  be  that  there  was  a  gradual  re¬ 
duction  in  the  gametophyte,  but  such 
an  assumption  is  not  the  only  possible 
one.  It  has  been  pointed  out  that  in 
Ectocav'pus  haploid  zoospores  formed 
in  unilocular  zoosporangia  may,  in¬ 
stead  of  producing  sexual  plants,  func¬ 
tion  as  gametes.  It  is  possible  that 
such  a  condition  became  permanent 
in  some  distant  ancestor  of  Fmm.  It 
should  be  remembered  that  these  ideas 
as  to  alternation  of  generations  in  the 


Fig.  622.  Germination  of  egg  of  ancestry  of  Fucus  are  based  on  -analogy 
Fucus  vesiculosus.  (  X  160)  with  other  groups  in  the  Fhaeophyta, 
(After  Thuret)  views  as  those  mentioned  above 

are  therefore  highly  speculative,  and 
the  possibility  is  not  excluded  that  the  condition  found  in  Fucus  may 
have  originated  in  some  other  way ;  for  example,  that  the  Fucus  plant 
evolved  from  the  diploid  phase  of  a  unicellular  ancestor. 


RELATIONSHIP 

The  relationship  of  the  Phc&eophyta  may  be  with  the  Chrysopliyta^ 
as  is  indicated  by  the  facts  that  they  have  a  brown  color,  that  they 
do  not  produce  starch,  and  .that  typically  the  reproductive  cells 
have  two  unequal  flagella,  one  of  which '  projects  forward  and  the 
other  backward.  In  the  Phaeophyta^  however,  the  nature  of  the 
stored  food  and  the  insertion  of  the  flagella  are  very  distinctive, 
and  the  differences  between  all  the  Phaeophyta  and  all  known  niein- 
bers  of  .the  Chrysophyta  are  so  great'  that  the  two  groups  are  genei> 
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ally  regarded  as  distinct.  If  there  appear  to  be  no  very  simple  mem¬ 
bers  in  the  Phaeophyta,  this  may  be  because  such  forms  died  out 
long  ago.  The  absence  makes  it  impossible  to  trace  the  known 
brown  algae  back  to  simple  ancestors.  However,  the  brown 
aigae  have  in  common  sufficient  distinctive  characters  to  indi¬ 
cate  that  they  all  had  a  common  ancestor.  Prominent  among 


Fig.  623.  Diagram  of  life  history  of  Fucm 


these  distinctive  cohhboh  characters  are  the  stmctui’c  of  the 

motile  cells,  the  pigmentation  of  the  chromatophores,  and  the 
products  of  photosynthesis. 

ECONOMIC  USES 

The  economic  importance  of  the  brown  algae  is  comparatively 
slight.  Some  of  the  kelps  are  rather  extensively  used  as  food  in 
China  and  Japan.  The  ash  obtained  by  burning  kelps  and  Fucus 
is  a  source  of  iodine,  and,  as  it  is  rich  in  potassium,  has  been  used 
for  producing  this  element  when  economic  conditions  permitted. 


CHAPTER  XXIII 

mODOPHYTA  (RED  ALGAE) 

General  characteristics.  The  red  algae  compose  a  very  large 
group  of  small  or  medium-sized  plants,  and  include  the  majority  of 
seaweeds.  They  are  predominantly  marine ;  there  are  only  a  few 
fresh-water  representatives.  The  red  algae  are  frequently  abundant 
along  the  coasts,  and  are  often  objects  of  great  beauty.  The  name 

refers  to  the  red  or  purple 
color  which  is  characteristic 
of  the  great  majority  of  the 
red  algae.  The  color  is  due 
to  a  red  pigment,  phyco- 
erythrin,  which  is  usually 
present  in  such  abundance 
as  to  mask  the  chlorophylls 
and  carotinoids.  Phyco- 
cyanin,  the  blue  pigment  so 
characteristic  of  the  blue- 
green  algae,  has  been  found 
in  many  of  the  red  algae. 
A  close  study  may  show 
that  it  is  characteristic  of 
the  whole  group.  The  pigments  of  the  red  algae  occur  in  definite 
chromatophores.  While  the  red  color  is  very  prominent  in  the  red 
algae  as  a  whole,  there  are  many  in  which  the  red  pigment  is  less 
prominent  with  the  result  that  the  plants  are  greenish,  olive,  or 
brown  in  color.  This  is  true  of  the  majority  of  fresh-water  forms 
and  of  many  marine  forms  growing  in  shallow  waters.  In  such 
cases  the  general  character  of  the  plant  body,  and  particularly  of 
the  reproductive  organs,  shows  clearly  that  the  individual  belongs 
to  the  red  algae. 


Fig.  624.  Apical  cell  of  Fucus  furcatm 


Left,  section  tiirough  apical  cell  made  at 
right  angles  to  the  surface  of  the  thallus; 
left,  section  made  at  right  angles  to  preced¬ 
ing  section,  (x  125).  After  Woodworth 


Fig.  625.  Sargassum.  (X|) 

Note  that  the  plant  is  divided  into  stemlike  and  leaflike  portions  and  also  has 
rounded  air  bladders  which  contain  air  and  add  to  the  buoyancy  of  the  plant. 
Sargassum  belongs  to  the  Fucales  and  is  closely  related  to  Fucus 


Fig.  626.  Twrhinaria^  one  of  the  Fucales  closely  related  to  Sargassum.  ( X  f) 
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The  variety  in  structure  and  appearance  among  the  red  algae  is 
very  great  (Figs.  628,  629,  637).  They  are  attached  to  the  sub¬ 
stratum  by  disklike  holdfasts  or  .special  filaments.  Often  the  plant 
consists  of  a  mass  of  slender  branched  filaments  (Fig.  628),  in  many 
species  there  are  large  and  small  branches  (Fig.  629),  while  ex¬ 
panded  thalli  are  also  numerous  (Fig.  628) ;  these  may  be  un¬ 
branched  or  may  branch  in  a  great  variety  of  ways. 

An  important  charac¬ 
teristic  of  the  red  algae  is 
that  there  are  no  flagellated 
reproductive  cells.  Sexual 
reproduction  is  never  isog- 
amous,  but  is  always  due 
to  the  fertilization  of  a 
large  female  cell  by  a  small 
male  cell.  The  nucleus  of 
the  red  algae,  except  in  the 
simpler  forms,  is  highly  de¬ 
veloped,  is  bounded  by  a 
definite  limiting  nuclear 
membrane,  and  divides  by 
the  complicated  process  of 
mitosis  (Fig.  630).  Such 
nuclei  are  very  much  like 
those  of  higher  plants  in 
both  structure  and  method 
of  division.  . 

Sexual  reproduction. '  The  reproductive  organs  of  the  red  algae 
are  so  different  from  those  of  other  algae  that  they  have  been  given 
distinctive  names.  The  female  reproductive  organ  which  corre¬ 
sponds  more  or  less  to  the  oogonium  of  the  green  algae  is  known 
as  a  procarp  (Figs.  631,  632).  In  fairly  simple  forms  the  procarp 
has  a  swollen  basal  portion  (known  as  a  carpogonium)  which 
contains  the  female  nucleus,  and  a  long  slender  projection,  the 
trichogyne  (Fig.  631).  The  antheridia  are  single-celled  struc¬ 
tures  (Figs.  631,  636) ;  in  some  cases  the  contents  are  discharged 
as  non-motile  male  cells,  in  other  cases  the  whole  antheridium 
acts  as  the  male  cell 


Fig.  627.  Ascophyllum  nodosum,  one  of  tlie 
Fucales  dosely  related  to  Fucrn,  (X  i) 


Fig.  628.  Various  forms  of  red  algae 

Phyllophora  clevelaridia ;  B,  Opuntiella  calif ornica;  C,  Gnnnellia  americana  ; 
Dj  ChondriMS  crispm;  Ej  Corallopsis  salicomia;  F,  Polysiphonia  violacea. 
(A-C,  X  about  4;  D-F,  X  abbut  |) 
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Wlien  the  male  cells  are  discharged  they  are,  in  some  cases,  surrounded 
by  cell  walls.  In  others  they  have  been  reported  as  being  naked,  but  as 
soon  acquiring  cell  walls. 

The  male  cells,  having  no  motility  of  their  own,  are  carried  by 
the  movement  of  the  water,  and  it  is  by  chance  that  they  come  in 


Fig.  629.  Two  beautiful  brancbing  forms  of  red  algae 
Left,  Dalesseria ;  right,  Dasya  elegam 


contact  with  the  tips  of  the  trichogynes  (Figs.  631, 632, 636).  When 
a  male  cell  is  caught  on  a  trichogyne  the  cell  walls  between  the  two 
are  dissolved,  and  the  nucleus  of  the  male  cell  enters  the  trichogyne, 
passes  through  it,  and  fuses  with  the  female  nucleus. 

Carpospores.  In  the  red  algae  the  fertilized  female  cell  does  not 
germinate  to  produce  a  new  plant,  but  further  development  ensues 
which  results  in  the  formation  of  asexual  spores  known  as  carpo- 
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spores.  Usually  these  are  formed  at  the  ends  of  branches  which 
are  outgrowths  of  the  carpogonium  (Figs.  631,  636)  or  of  a  larger 
mass  formed  by  the  fusion  of  neighboring  cells  (Figs.  638,  641).  In 


any  case  the  nucleus  of  the  carpo- 
spore  is  a  descendant  of  the  ferti¬ 
lized  female  nucleus. 

Alternation  of  generations.  In 
the  simpler  red  algae  the  carpo- 
spores,  on  germination,  produce 
sexual  plants  (Figs.  631,  634).  In 
the  majority  of  red  algae,  how¬ 
ever,  the  carpospores  give  rise  to 
asexual  plants  which  bear  tetra- 
spores.  The  tetraspores  get  their 
name  from  the  fact  that  four  of 
them  are  borne  in  a  tetrasporan- 
gium  (Fig.  632).  The  tetraspores, 
on  germination,  produce  sexual 
plants.  In  the  great  majority  of 
red  algae  there  is,  then,  an  alterna¬ 
tion  of  an  asexual  generation  con- 


Fic.  630.  First  meiotic  division  in 
Polysiphenia  violacea 

After  Yamanouchi 


Fig.  631.  Nemcdion  midtifidum 

A,  antheridia,  consisting  of  groups 
of  small  cells,  each  of  which  devel¬ 
ops  a  single  male  cell;  the  vegeta¬ 
tive  branch  at  the  right  illustrates 
the  method  of  terminal  growth  and 
the  protoplasmic  connections  be¬ 
tween  the  cells.  B,  the  female  cell, 
or  carpogonium,  c,  with  its  tricho- 
gyne,  i,  to  which  are  attached 
three  male  cells.  C,  early  stage  in 
the  development  of  the  cystocarp ; 
the  trichog3me  above  has  begun  to 
wither.  B,  mature  cystocarp  com¬ 
posed  of  fertile  filaments  which 
develop  the  carpospores,  cs,  termi¬ 
nally  ;  wtf  withered  trichogyne 


Fig.  632.  CalUthamnion  corymhosum 

Af  portion  of  a  plant  with  antheridia;  B,  a  small  branch  showing  the  begin¬ 
ning  of  the  development  of  a  procarp  on  the  left ;  C,  somewhat  old  stage  of 
procarp  development ;  B,  the  procarp  consisting  of  several  cells  is  mature  and 
has  a  long  trichogyne,  I;  B,  a  male  ceil  is  seen  united  to  the  trichogyne; 
F,  (j,  early  stages  in  carpospore  formation;  mature  carpospores;  I,  por¬ 
tion  of  tetrasporic  plant  with  tetrasporangia  in  various  stages  of  development, 
four  tetraspores  escaping  from  a  rix>e  tetrasporangium.  (After  Thuret) 
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sisting  of  a  tetrasporic  plant  and  a  sexual  generation  consisting  of 
male  plants  and  female  plants  (Figs.  632,  633).  In  such  cases  the 
fertilization  of  the  female  cell,  or  earpogonium,  results  in  the  pro¬ 
duction  of  carpospores,  which,  on  germination,  give  rise  to  tetra¬ 
sporic  plants. 


Fig.  633.  CoraUina  mediterranea 

A,  portion  of  a  branch  with  antheridial  conceptacles ;  B,  section  showing  car¬ 
pospores  ;  C,  section  of  antheridial  conceptacle  showing  antheridia ;  I),  section 
showing  tetraspores.  (After  Thnret) 

NEMALION 

Reproduction.  The  genus  Nemalion  may  be  taken  as  an  ex¬ 
ample  of  one  t3rpe  of  red  algae.  The  plant  body  consists  essentially 
of  branched  filaments  (Fig.  631).  The  antheridia  are  single-celled 
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structures  which  are  borne  in  clusters  at  the  ends  of  short  branches. 
The  male  cell,  which  contains  two  nuclei,  is  discharged  from  the 
antheridium.  The  procarp  consists  of  two  parts :  a  swollen  por¬ 
tion,  the  carpogonium,  which  contains  the  female  nucleus,  and  a 
long  slender  structure,  the  trichogyne,  which  projects  from  the 
carpogonium  and  which  contains  a  nucleus  that  degenerates.  One 


Fic.  634,  Batrachospermum 
Habit  of  portion  of  plant.  (X  5) 


Fig.  635.  Batrachospermum 
showing  whorls  of  branches 

The  dense  rounded  masses  of 
cells  near  the  periphery  of  the 
whorls  are  cystocarps.  (X45) 


or  more  male  cells  may  come  in  contact  with  the  trichogyne.  The 
walls  separating  the  contents  of  the  trichogyne  and  a  male  cell  are 
dissolved,  and  the  contents  of  the  male  cell  pass  into  the  trichogyne. 
One  of  the  nuclei  of  the  male  cell  then  moves  down  through  the 
trichogyne  and  fuses  with  the  female  nucleus,  thus  fertilizing  the 
carpogonium.  Short  branches  then  grow  up  from  the  carpogonium, 
and  an  asexual  spore,  known  as  a  carpospore,  is  formed  at  the  tip  of 
each  of  these  branches.  When  a  carpospore  germinates,  it  produces 
a  new  Nemalion  plant.  The  carpogonium  plus  the  filaments  and 
carpospores  is  known  as  a  cystocarp. 
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The  Nermlion  plant  is  haploid.  The  nucleus  of  the  fertilized  carpogo- 
nium  is  diploid.  Reduction  in  the  number  of  chromosomes  takes  place  m 


Fig.  6S6.  Batrachospermum  monUiforme 

Aj  antlieridial  brancfa.  witli  rounded  antheridia.  B,  early  stage  in  developno^ent 
of  carpogonium;  the  uppermost  cell  is  the  carpogonium,  at  the  tip  of  which 
the  trichogyne  is  developing.  C,  D,  later  stages  in  the  development  of  car¬ 
pogonium  and  trichogyne.  E,  male  cell  has  fused  with  trichogyne  and  male 
nucleus  is  fusing  with  the  carpogonium  nucleus.  F ,  the  male  and  carpogonium 
nuclei  have  fused.  G,  the  carpogonium  is  beginning  to  send  out  a  branch; 
below  on  either  side  are  sterile  branches  which  will  form  part  of  the  covering 
of  the  cystocarp.  If,  a  second  branch  is  growing  from  the  carpogonium.  I, 
further  stage  in  branching  of  carpogonium ;  the  sterile  covering  of  the  cysto¬ 
carp  is  much  further  developed.  /,  carpospores.  K,  a  single  carpospore. 

L-Nj  gennination  of  carpospore.  (After  Kylin) 

the  first  two  divisions  of  the  carpogonium  nucleus ;  so  the  branches  wMc^ 
give  rise  to  carpospores,  and  the  carpospores  themselves,  are  haploid# 
In  Nemalimj  therefore,  there  is  an  alternation  of  a  plant  producing  sexual 
organs  and  a  stage  which  results  in  the  formation  of  asexual  carpospores, 
but  there  is  no  alternation  of  diploid  and  haploid  plants. 
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Bairachospermum,  Batrachospermum  is  a  rather  common  red 
alga  living  in  fresh  waters.  In  Batrachospermum  there  are  large 
branches  which  are  cylindrical  and  from  which  grow  whorls  of 
branching  filaments  (Figs.  634,  635).  The  life  history  is  similar  to 
that  of  Nemalion  (Fig.  636),  but  the  cystocarp  is  more  like  that  of 
most  red  algae  (Fig.  637)  in  that  sterile  filaments  grow  from  cells 
near  the  carpogonium  and  form  a  covering  around  the  carpospores 
(Figs.  635,  636). 


Fig.  637.  Acanthosporea  therii 


Left,  habit  (x  |) ;  right,  branch  of  a  female  plant  with  many  cystocarps  (x  4)  ; 
center,  a  cystocarp  with  carpospores.  (x  16) 


FOLYSIPHONIA 

General  characteristics.  Polysiphonia  is  a  very  common  marine 

alga,  and  is  a  classic  example  of  the  complicated  type  of  alter¬ 
nation  of  generations  found  in  the  red  algae.  The  thallus  con¬ 
sists  of  branched  multicellular  filaments  (Fig.  628).  As  in  many 
red  algae,  there  is  a  central  row  of  cells,  known  as  the  central 
siphon,  which  is  surrounded  by  peripheral  cells  formed  from  it. 
Between  the  cells  there  are  the  prominent  protoplasmic  connec¬ 
tions  which  are  so  characteristic  of  the  red  algae. 

SenM  reproduction  and  cystocarp  formation.  In  Polysiphmia 
there  is  an-  alternation  of  an  asexual  generation  producing  asexual 
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tetraspores  and  a  sexual  generation  consisting  of  male  plants  and 
female  plants.  There  are  thus  three  types  of  Polysiphonia  plants. 
These  are  plants  with  tetraspores,  plants  with  antheridia,  and 
plants  with  cystocarps.  These  three  kinds  are  so  much  alike  that 
they  cannot  be  distinguished  by  the  naked  eye.  The  antheridia 
are  small  single-celled  structures,  and  are  borne  in  large  numbers 


Fig.  638.  Polysiphonia 

Left,  a  brancii  of  a  male  plant  with  large  club-shaped  antheridia!  branches; 
center,  section  of  vegetative  portion  of  thailus ;  right,  branch  of  female  plant 
with  cystocarp  containing  carpospores;  lower  right,  a  single  carpospore 

on  antheridial  branches  (Fig.  638).  The  procarp  of  Polysiphonia 
and  the  method  in  which  cystocarps  are  produced  are  more  com¬ 
plicated  than  in  Nemalion  (Fig.  631).  As  in  other  red  algae  show¬ 
ing  an  alternation  of  generations,  the  procarp  consists  of  several 
cells.  As  in  Nemalion  and  most  red  algae,  there  is  a  carpogonium 
with  its  nucleus,  and  projecting  from  it  a  trichogyme  with  its 
nucleus.  As  is  usual  in  red  algae,  a  male  cell  comes  in  contact  with 
the  tiichogyme ;  the  walls  between  the  two  are  dissolved ;  and  the 
male  nucleus  migrates  through  the  trichogyne  and  fertilizes  the 
female  nucleus  in  the  carpogonium.  The  branches  which  give  rise 
to  carpospores  do  not  grow  from  the  carpogonium  itself  but  from  a 
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much  larger  aggregate  which  is  formed  by  the  fusion  of  neighboring 
cells  and  is  supplied  with  nuclei  derived  from  the  fertilized  female 
nucleus.  While  the  carpospores  are  being  formed,  the  characteris¬ 


tic  urn-shaped  envelope  of 
the  cystocarp  is  produced 
from  the  peripheral  cells 
of  the  branch  which  gave 
rise  to  the  cystocarp. 


Fig.  639.  Diagram  of  an- 
theridial  branch  of  FoZy- 
siphonia 

Note  successive  stages  in 
cutting  off  of  antheridium 
which  functions  as  a  male 
cell.  (After  Yamanouchi) 


Fig.  640.  Diagram  of  carpogomum  of 
Polysiphonia 


s,  cell  of  central  siphon ;  p,  peri¬ 
central  cell ;  c,  carpogonium  from 
which  trichogyne  is  developing. 
Right,  an  older  stage.  The  cells  of 
the  carpogonial  branch  are  shown  in 
dotted  lines.  Numerous  auxiliary 
cells  have  developed  from  the  peri¬ 
central  cell  and  one  is  between  the 
pericentral  cell  and  the  carpogonium. 
The  arrow  shows  the  direction  in 
which  the  nuclei  migrate  from  the 
carpogonium  to  the  pericentral  cell. 

(Modified  after  Yamanouchi) 


/  ! 


Antheridia  of  Polysiphonia.  An  antheridial  branch  consists  of  an 
axial  row  of  cells  or  axial  siphon,  from  which  grow  numerous  lateral 
branches.  A  lateral  branch  consists  of  a  stalk  cell  and  an  antheridium 
mother  cell.  From  the  antheridium  mother  cell  there  is  constricted  off  a 
single-celled  antheridium  (Fig.  639).  The  antheridium,  without  under¬ 
going  any  change,  functions  directly  as  a  male  cell.  The  contents  do  not 
escape  but  remain  within  the  wall  of  the  antheridium,  which  thus  serves 
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as  a  waE  for  tlie  mal©  cell.  After  the  sepaxation  of  the  first  antheridiiinij, 
others  are  successively  constricted  off  from  the  mother  ceil  in  the  same 
maimer. 

Procarp  of  Polysiphoma,  The  first  stage  in  the  formation  of  the 
pxocarp  is  that  the  central  siphon  gives  rise  to  a  large  lateral  cell,  the  peri¬ 
central  cell  (Fig.  640).  From  the  pericentral  cell  there  grows  out  a  car- 
pogonial  branch  consisting  of  four  cells,  the  apical  one  of  which  forms  the 
carpogonium  with  its  trichogyne.  The  nucleus  of  this  cell  divides  into  two, 
one  of  which  remains  in  the  base  of  the  carpogonium  and  functions  as  an 
*'egg,’’  or  carpogonium  nucleus,  while  the 
other  moves  into  the  trichogyne  and  ulti¬ 
mately  disintegrates. 

Fertilization  and  carpospore  fonnation. 

By  the  time  that  the  male  nucleus  has  fused 
with  the  ''egg,’'  or  carpogonium  nucleus, 
the  pericentral  ceil  has  given  rise  to  a  num¬ 
ber  of  cells  known  as  auxiliary  cells.  One 
of  these  lies  between  the  carpogonium  and 
the  pericentral  cell  and  becomes  connected 
with  both  of  these  ceils.  The  fertilized  nu¬ 
cleus  of  the  carpogonium  has  by  now  divided 
into  two,  both  of  which  migrate  from  the 
carpogonium  through  the  auxiliary  cell  just 
mentioned  into  the  pericentral  ceil  (Fig. 

640).  The  carpogonium  and  its  stalk  cells 
finally  disintegrate.  The  pericentral  cell 
becomes  fused  with  the  auxiliary  cells  and 
finally  with  the  cell  of  the  central  siphon. 

The  original  nuclei  of  the  pericentral  and 
auxiliary  cells  disintegrate,  the  fusion  mass 
being  supplied  with  nuclei  derived  from  the  division  of  the  fertilized  car¬ 
pogonium  nucleus.  From  the  fusion  mass  there  grow  out  lobp,  the  ends 
of  which  are  constricted  off  as  carpospores  (Fig.  641).  In  this  way  sixty 
or  more  carpospores  are  produced. 


Fig.  641.  Polysiphonm 
violacea 

Section  of  cystocarp  show¬ 
ing  formation  of  carpospores. 
(After  YamanoucM) 


Asexual  reproduction  and  alternation  of  generations.  The 
carpospores  are  asexual  spores.  When  these  gerihinate  and  pro¬ 
duce  new  plants,  these  new  plants  are  also  asexual  and  produce 
asexual  tetraspores.  The  tetrasporangium  contaming  the  four 
tetraspores  is  a  rounded  structure  attached  by  a  stalk  cell  to  the 
central  siphon.  The  tetrasporangium,  therefore,  is  between  the 
central  siphon  and  the  peripheral  cells,  and  is  thus  inside  the  fila- 
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ment  itself  (Fig.  642).  The  tetraspores  give  rise  to  the  sexual  gen¬ 
eration  consisting  of  male  plants  and  female  plants. 

In  the  life  history  of  Polysiphonia,  therefore^  we  do  not  have 
simply  an  alternation  of  a  sexual  and  an  asexual  generation 
Sexual  reproduction  results  in  the  formation  of  carpospores,  which 
give  rise  to  asexual  tetrasporic  plants,  and  these  in  turn  to  sexual 
plants.  Between  the  sexual  generation  and  the  asexual  tetrasporic 
generation  there  is  therefore  another  asexual  phase  in  which  asexual 
carpospores  are  produced. 


Fig.  642.  Polysiphonia  violacea 
Branch  of  tetrasporic  plants  containing  tetraspores 


The  tetrasporic  plants  of  Polysiphonia  are  diploid.  The  number  of 
chromosomes  is  reduced  during  the  formation  of  tetraspores,  so  that  the 
tetraspores  are  haploid,  as  are  the  gametophytic  plants  which  they  pro- 
duce.  men  the  carpogonium  nucleus  is  fertilized  the  diploid  condition  is 
restored.  This  condition  persists  throughout  the  stages  leading  to  car- 
pospore  formation,  so  that  the  carpospores  are  diploid,  and  these  on 
prmnation,  produce  the  diploid  tetrasporic  plants.  The  diploid  condition 
IS  thus  not  confined  to  the  tetrasporic  plants  but  is  also  found  in  the  stages 
from  fertilization  to  carpospore  formation.  The  result  is  that  there  are  two 
dipbid  phases,  one  consisting  of  stages  leading  to  carpospore  formation, 
while  the  other  is  the  tetrasporic  plant.  Polysiphonia  thus  differs  from 
mrnuhon  not  oniy  m  having  an  alternation  of  gametophytic  and  sporo- 

?  r  stages  in  carpospore  formation  are 

hs,piQid  mNmaltQnmdd^ 
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BANGIALES,  THE  SIMPLER  RED  ALGAE 

General  characteristics.  The  great  majority  of  the  red  algae  are 
complicated  structures  such  as  we  have  considered.  There  are,  however, 
some  with  a  much  simpler  organization  which  are  placed  in  the  order 
Bangiales.  Two  of  the  best-known  genera  of  the  Bangiales  are  Bangta,  m 
which  the  plants  are  unbranched  filaments  (Fig.  643),  and  Porphyrajm 
which  the  plant  is  a  delicate  sheet  one  cell  in  thickness  (Fig.  644).  The 
simplest  of  the  Bangiales  and  of  aU  the  red  algae  is  Porphyridtum,  m  which 
the  plant  consists  of  a  single  cell  (Fig.  645).  The  cells  of  the  above- 
mentioned  plants  are  characterized  by  having  a 
single  large  stellate  chroma  to  pbore,  in  the  center  of 
which  is  a  colorless  body,  the  pyrenoid.  _  There  is  a 
smgle  nucleus,  which  in  a  resting  condition  appears 
to  be  dense  and  homogeneous  and  resembles  a  nu¬ 
cleolus.  The  division  of  the  nucleus  is  not  like  that 
in  higher  plants,  but  appears  to  be  somewhat  inter¬ 
mediate  between  mitotic  division  and  amitosis.  In 
fact,  the  process  of  nuclear  division,  particularly 
that  in  Parphyra,  has  been  described  as  showing 
much  similarity  to  the  division  of  the  central  body 
in  certain  of  the  hlue-green  algae. 

Reproduction.  The  reproduction  in  Porphyra 
may  be  taken  as  an  example  of  reproduction  in 
the  Bangiales  (Fig.  644).  In  Porphyra  aU  of  the 
plants  have  the  same  general  appearance,  but  there 
are  two  kinds,  male  and  female.  The  female  plants 
produce  carpogonia,  which  are,  however,  only  ... 

slightly  modified  vegetative  cells.  The  modification  consists  prmarily  m 
a  small  projection  or  papilla  which  may  be  regarded  as  a  rudimentary 
trichogyne.  The  antheridia  occur  in  the  male  plants.  They  are  produced 
from  vegetative  ceUs,  the  contents  of  which  divide  up  ^  produce  a  con¬ 
siderable  number  of  male  ceUs.  The  male  cell  is  earned  by  the  water  to 
the  trichogyne  as  in  other  red  algae.  The  nucleus  of  the  male  cell  ente 
the  trichogyne,  passes  in,  and  fuses  with  the  nucleus  of  the  carpogomum. 
The  contents  of  the  earpogonium  then  divide  up  to  fom  a  number  o 
carpospores.  The  sexual  organs  in  this  case  are  certamly  much  simpler 
than  those  in  most  of  the  red  algae,  and  are  generaUy  regarded  as  more 

^  Porthyridmm.  The  Porphyridium  plant  is,  as  mentioned  above,  com¬ 
posed  of  a  single  cell  (Fig.  645).  The  only  known  method  of  reprojicton 
is  by  the  division  of  a  ceU  into  two.  Sexual  reproduction  is 
Porphyridium  is  a  terrestrial  alga,  growing  on  damp  soil  and  walls. 


Fig.  643.  Bmgiaver- 
micularis,  ( X  i) 


Fig.  644.  Porphyra 

habit  of  plant.  B,  section  of  the  thallus,  which  is  a  single  cel!  in  thickness; 
in  the  section  are  shown  a  single  cell  and  parts  of  two  neighboring  cells ;  the 
branching  structure  which  appears  to  occupy  most  of  the  cell  is  a  chromato- 
phore,  in  the  center  of  which  is  a  large  pyrenoid ;  the  black  dot  to  the  left  is  a 
nucleus.  ^  C,  stages  in  division  of  nucleus.  D,  E,  F,  division  of  cells  to  form 
antheridia,  0,  male  cell.  H,  carpogonium  with  male  cell  in  contact  with 
trichogyne.  (All  except  habit  after  Ishikawa) 


Fig.  645.  Porphyridium  cruentum 

Upper  left  drawing  shows  structure  of  a  resting  cell.  Most  of  the  cell  appears 

to  be  occupied  by  the  chromatophore.  The  large  black  spot  in  the  center  of  the 
chromatophore  is  the  pyrenoid.  The  black  spot  to  the  right  and  near  the  wall 
IS  the  nucleus.  The  following  drawings  illustrate  stages  in  division  and  recon¬ 
struction  of  the  nucleus.  (After  Lewis  and  Zirkle) 
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certainly  the  simplest  of  the  known  red  algae.  It  is,  however,  such  an 
isolated  form  that  it  is  difficult  to  establish  its  position.  It  is  not  e^y  to  tell 
whether  its  simplicity  is  due  to  its  being  a  primitive  form  or  whether  it  is  a 
reduced  form  and  its  simpHcity  is  an  adaptation  to  a  terrestrial  habitat 
as  in  the  case  of  Protococcus  among  the  green  algae. 


RELATIONSHIP  OF  RED  ALGAE 


The  red  algae  are  so  distinct  from  other  algae  that  their  origin 
and  relationships  have  long  been  considered  as  obscure  and  ques¬ 
tionable.  Their  red  color,  lack  of  motile  cells,  and  specialized 
sexual  reproduction  mark  them  off  sharply  from  those  groups  of 
algae  which  can  be  traced  back  to  a  flagellate  origin.  They  form, 
therefore,  a  distinct  series.  It  is  interesting  that  in  some  of  the  blue- 
green  algae  we  find  phycoerythrin,  the  red  pigment  which  is.  so 
characteristic  of  the  red  algae;  also  that  many  of  the  red  algae 
contain  phycocyanin,  the  blue  pigment  of  the  blue-green  algae. 
Another  point  of  similarity  between  blue-green  and  red  algae  is 
that  both  groups  lack  flagellated  cells. 

The  similarity  in  pigments  in  the  blue-green  and  red  algae,  the 
lack  of  flageUated  cells  in  both  groups,  and  the  simple  character  of 
the  nucleus  of  the  simpler  red  algae  suggest  a  possible  relationship 
between  the  red  and  the  blue-green  algae.  Such  a  relationship 
would  explain  the  lack  of  motile  cells  in  the  red  algae.  It  would  also 
explain  the  occurrence  in  the  red  algae  of  the  red  pigment  phyco¬ 
erythrin  and  the  related  blue  pigment  phycocyanin,  which  are 
found  in  the  blue-green  algae. 


To  one  who  has  not  learned  the  exactness  demanded  by  science  it 
might  seem  logical  to  think  of  Porphyridium  as  a  primitive  red  ae- 
scended  from  a  blue-green  ancestor.  The  more  complicated  members  of  the 
Bangiales,  such  as  Porphyra,  might  then  be  thought  of  as  bemg  derived 
from  such  forms  as  Porphyridium,  and  the  higher  red  alga.e  m  turn  from 
the  Bangiales.  However,  it  should  be  remembered  that  it  is  very  hard  to 
tell  whether  the  simpleness  of  Porphyridium  is  due  to  its  being  primitive 

or  whether  it  is  a  reduced  form.  ,  , ,  i.  *1, 

The  red  algae  are  sharply  marked  off  from  the  blue-greens  by  the 
presence  of  definite  chromatophores  and  their  highly  differentiated  seraal 
reproduction.  While  there  may  be  some  relationship  between  the  blue- 
green  and  the  red  algae,  this  relationship  can  hardly  be  close. 


CHAPTER  XXIV 

MYXOMYCETES  (SLIME  MOLDS) 

General  characteristics*  We  have  seen  that  the  flagellates 
combine  animal  and  plant  characteristics.  The  Myxomycetes  are 
another  relatively  simple  group  which  show  a  combination  of  fea¬ 
tures  found  in  plants  with  others  which  are  more  characteristic 
of  animals.  Owing  to  these  facts  there  has  been  considerable  dis¬ 
agreement  as  to  their  place  among  living  things.  Many  authorities 
believe  that  they  should  be  considered  as  plants,  while  others 
maintain  that  they  belong  in  the  animal  kingdom.  The  Myxomy¬ 
cetes  lack  photosynthetic  pigments;  therefore  they  must,  like 
animals,  obtain  their  food  in  organic  form.  During  their  vegeta¬ 
tive  development  they  consist  of  naked  protoplasm  and  are  very 
much  like  animals  not  only  in  nutrition  but  also  in  structure 
and  movement.  They  form  fruit  bodies  with  plantlike  features, 
however,  including  spores  with  cellulose  walls.  It  appears  that 
they  have  developed  from  flagellates,  perhaps  flagellates  which 
lacked  plastids ;  that  they  have  retained  the  animal-like  char¬ 
acteristics  of  their  flagellate  ancestors ;  and  that,  like  other  plants 
which  have  developed  from  flagellates,  they  have  acquired  plant 
characteristics. 

Sporangium.  The  fruit  body  of  Stemonitis^  a  common  and 
widely  distributed  form,  will  serve  as  a  convenient  starting  point 
for  the  discussion  of  the  group  (Fig.  646).  The  fruit  bodies  often 
grow  together  in  clumps  of  considerable  numbers.  An  individual 
fruit  body  consists  of  an  elongated  terminal  sporangium  with 
a  slender  stalk.  The  stalk  continues  into  the  sporangium  as  a 
column,  known  as  a  columella.  The  sporangium  is  covered  by  a 
firm  membrane,  the  peridium.  Around  the  columella  and  springing 
from  it  is  a  network  of  threads,  the  capillitium ;  and  tangled  in  the 
capillitium  are  very  numerous  spores  (Fig.  647)  .  The  peridium  of 
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Stemonitis  is  thin,  and  breaks  to  pieces  when  the  sporangium  is 
mature.  The  capillitium  is  hygroscopic,  and  the  spores  are  scat- 


tered  by  its  movement  and 
the  'action  of  the  wind. 

The  sporangia  of  the  Myx¬ 
omycetes  are  usually  very 
small,  and  there  is  consider¬ 
able  variety  among  them 
(Figs.  646-649).  Some  have 
stalks,  others  do  not.  In 
many  the  individual  sporan¬ 
gia  are  separate,  in  others 
they  coalesce  to  a  greater  or 
less  extent.  Usually  there  is 
one  sporangium  to  a  stalk, 
but  there  may  be  more.  In 
many  genera  there  is  no 
columella. 

Life  Mstoryo  The  spores 
of  the  Myxomycetes  re¬ 
main  inactive  as  long  as 
they  are  dry.  When  placed 
under  proper  conditions, 
including  sufficient  mois¬ 
ture,  they  germinate  (Fig. 
650).  The  contents  sweE; 
the  spore  wall  is  ruptured ; 
and  (usually)  a  single  pro¬ 
toplast  emerges.  This  soon 
becomes  pear-shaped  and 
develops  a  single  flagellum 
at  the  anterior  end.  Dur¬ 


ing  this  stage  it  is  known  .  545.  stemonUis 

as  a  swarmspore.  The  sporangia;  left,  smgle 

swarmspore  may  move  by  sporangium  with  peridium  intact ;  n^t, 
means  of  its  flagellum  or  capLUitimn  after  disappearance  of  peridium 


by  amoeboid  movements. 

After  a  time  it  loses  its  flagellum  and  comes  to  be  like  an  amoeba. 
It  is  then  known  as  a  myxamoeba.  The  myTcamoeba  is  irregular 
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in  shape,  and  moves  about,  as  do  amoebae,  by  sending  out  pro¬ 
toplasmic  processes  and  crawling  by  movement  of  the  protoplasm. 
Both  the  swarmspore  stage  and  the  myxamoeba  stage  increase  in 
numbers  by  division  of  one  individual  into  two.  They  ingest  solid 
particles,  including  bacteria.  The  bacteria  are  surrounded  by  vac¬ 
uoles  which  do  not  contract,  and  in  these  they  are  digested. 


Fig.  647.  Hemitrichia 

A  and  By  stages  in  development ;  C,  a  mature  sporangium  unopened,  with 
peridium  intact,  another  with  capillitium  showing,  with  peridium  broken,  and 
another  after  disappearance  of  peridium ;  D,  threads  of  capillitium  and  spores. 

(Ay  By  C,  X  15;  D,  X  250) 

After  a  time  division  ceases  and  the  myxamoebae  come  to¬ 
gether  and  fuse  in  pairs  (Fig.  650),  the  fusion  of  the  protoplasm 
being  followed  by  a  fusion  of  the  nuclei.  These  amoebozygotes  do 
not  enter  on  a  resting  stage,  but  continue  active  and  come  together 
and  unite  in  considerable  numbers.  The  nuclei,  which  are  now 
diploid,  do  not  fuse  further  but  divide  repeatedly,  giving  rise  to 
large  numbers  of  nuclei.  In  this  way  there  may  be  produced  a  con¬ 
siderable  mass  of  naked  protoplasm  (Fig.  651)  with  various  colors, 
often  yellowish  or  brownish,  and  with  a  consistency  not  unlike  that 
of  the  white  of  an  egg.  There  are  no  cell  walls,  and  the  numerous 


Fig.  648,  Arcyria 

In  the  group  to  the  left  are  a  specimen  with  a  peridium  intact,  others  in  which 
the  peridium  is  breaking,  and  one  from  which  the  peridium  has  disappeared 
except  for  the  cup  at  the  base.  The  group  to  the  right  shows^  the  extent  to 
which  the  capillitium  expands  after  the  disappearance  of  the  peridium.  (X  15) 


Fig.  649.  Two  Myxomycetes 

Left,  Comatricha  (x  20) ;  note  columella.  Right,  Trichamphora  (X  10) 


Fig.  650.  Germination  of  the  spore  and  development  of  amoeba  in  a 
myxomycete,  Trichia  varia 

Above,  the  germination  of  a  spore,  swarmspores,  and  transition  to  myxa- 
moeba ;  below,  myxamoeba  and  the  fusion  of  two  myxamoebae.  (After  De  Bary 

and  Cienkowski) 


Fig.  651.  Plasmodium  of  Didymium  serpula*  (  X  1) 
After  Cienkowski 
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nuclei  are  distributed  in  the  protoplasm.  This  mass  is  known  as  a 
plasmodium.  It  has, no  definite  fornij  but  may  creep  or  stream 
about,  and  in  doing  so  may  take  on  very  varied  shapes.  The 
plasmodium  is  like  a  giant  or  compound  amoeba.  It  is  owing  to  the 
slimy  appearance  of  the  plasmodium  that  the  Myxofnycetcs  are 
called  slime  molds.  The  plasmodium  may  increase  in  size  by  coa¬ 
lescing  with  other  plasmodia  or 
ingesting  myxamoebae,  or  it  may 
divide  into  two  or  more  plasmo¬ 
dia  by  fragmentation.  In  moving 
about  it  takes  in  solid  particles, 
such  as  bacteria  and  various  kinds 
of  debris,  including  small  pieces 
of  bark  and  leaves.  A  few  ingest 
living  fungi.  The  food  material 
is  digested  and  waste  material  left 
behind  as  the  plasmodium  moves 
on  its  way.  The  plasmodia  are 
found  in  moist  places,  as  in  damp 
woods,  around  rotten  logs,  and 
on  decaying  leaves.  The  life  his¬ 
tory  of  a  myxomycete,  from  the 
swarmspores  to  the  formation  and 
development  of  the  plasmodium, 
shows  very  little  resemblance  to 
that  of  ordinary  plants  and  is  very 
animal-like  in  character. 

When  the  plasmodium  is  ready 
to  form  sporangia,  its  reactions  to  external  conditions  change  and 
it  creeps  up  into  a  lighter  and  drier  place  which  is  better  suited 
to  the  scattering  of  the  spores.  Projections  or  papillae  arise  over 
the  surface  of  the  plasmodium,,  and  these  grow  up  to  form  the 
sporangia  (Figs.  647,  652).  In  StsTnonitis  the  stalk  and  its  exten¬ 
sion  the  columella  are  secreted  in  a  canal  in  the  center  of  the  pro¬ 
toplasmic  mass,  and  the  protoplasm  then  climbs  up  over  them  to 
form  the  sporangium.  The  threads  of  the  capillitium  are  formed 
in  much  the  same  way  as  the  stalk  and  columella,  and  are 
secreted  in  a  system  of  vacuole4ike  canals  (Fig.  653).  In  some 


Fig.  652.  An  early  stage  in  the  for¬ 
mation  of  the  sporangium  of  a 
myxomycete,  Ceratium  hydnoides, 
from  the  plasmodium 

After  De  Bary 


Fig.  653.  Section  of  developing  sporanginm  of  a  myxomycete,  Hemiarcyrm 

clavata 


In  the  section  on  the  left  are  seen  numerous  nuclei  and  a  cross  and  a  longitudi¬ 
nal  section  of  canals  at  an  early  stage  of  capillitium  formation.  The  section  to 
the  right  shows  the  capillitium  formed  in  the  canals.  (After  Harper  and  Dodge) 


Fig.  654.  Cauliflower  root  enlarged  owing  to  infection  by  Plmmodiophoru 

brassicae 


After  Woronin 


Fig.  655.  Flasmodioplwra.hrmsicm  in  rool  cells 

To  tlie  left  is  seen  the  piasmodium ;  to  the  right  the  plasmodium  has  given 
rise  to  spores.  (X  360).  After  Woronin 


Fig.  656.  Germination  of  spores  of  Flos- 
modiophora  brassicae  to  form  swarm- 
spores.  (X  930) 


Fig.  657.  Plasmodwphora  hrm* 
sicae  passing  through  the  end  of  a 
cell  in  the  region  of  the  camhinm 

After  Kunkel 
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species  of  Myxonycetes  with  stalks,  the  stalk  is  a  tube  through 
which  the  plasmodium  moves  upward. 

Prior  to  spore  formation  the  nuclei  divide  and  the  chromosomes 
are  reduced  to  the  haploid  number.  At  about  the  same  time  the 


Fig.  658.  Spongospora  subterranea,  the  causal  organism  of  powdery  scab  of 

potatoes 

Af  a  single  uninucleate  amoeba  in  young  host  cell ;  B,  three  amoebae  in  a  cell, 
one  of  which  is  binucleate;  C,  several  small  amoebae  in  a  cell;  D,  formation 
of  plasmodium ;  F,  approaching  and  fusion  of  nuclei  in  pairs ;  Gj  anaphase 

of  the  second  meiotic  division;  H,  balls  of  spores  in  a  host  cell;  /,  section  of 
spore  ball  showing  spores.  (After  Osborn) 

protoplasm  divides  up  by  cleavage  into  smaller  units.  Finally  each 
piece  of  protoplasm  contains  a  single  nucleus.  Each  protoplast 
then  secretes  a  cell  wall  and  becomes  a  spore.  The  sporangia  of  the 
Myxomycetes  show  some  superficial  resemblance  to  plant  structures, 
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but  the  method  o£  their  lormatiou  and  the  details  ^ 

sre  very  difierent  from  those  found  m  other  plants.  However 

their  geLral  make-up  is  usually  eonsidered  to  be  more  like  that  of 

Pr»"he,e  are  a  number  of  ps^tic  fo^ 
which  wpear  to  be  rather  closely  related  to  the  My«mycete, 
They  are  sometimes  included  in  the  MyiomyeOes,  but  ate  more 
usually  placed  by  specialists  among  the  fungi,  chiefly  ^cause  ey 
r  pmites.  Prominent  among  these  me  the  P,^,ophoracea.. 
Some  of  these  cause  serious  plant  diseases  (hig. 

^  The  spores  are  formed  in  the  cells  of  the  host  plant  rather  than 
in  sporangia  (Fig-  655).  A  spore  germinates  to  produce  a  swar  - 
Zol  as  in  the  Myxmiycetes  (Fig.  656).  The  swamspores  enter 
cells  of  a  host  and  become  distributed  in  these  ceUs  as  amoebae 
(Fig  655).  The  amoebae  become  distributed  in  an  mcreasmgly 
larS  number  of  cells  of  the  hosts  by  migrating  through  the  cell 
walls  (Fig.  657)  and  also  by  the  divisions  of  the  host  cells  them¬ 
selves.  After  a  time  the  amoebae  in  a  cell  unite  to  form  a  plasmo- 
dium  which  divides  up  to  form  spores  (Fig.  658).  Among  t 
Lt-known  of  the  Plmmdiyptmaceae  is 

which  onuses  olubroot  of  cahbagn  and  sunilai  plants  (Tig.  654). 


CHAPTER  XXV 

FUNGI  (PHYCOPHYTA) 

General  characteristics.  The  fungi  are  a  very  large  and  diver¬ 
sified  group  of  plants.  Among  the  more  familiar  forms  are  molds 
and  mushrooms.  In  general  organization  the  fungi  are  in  many  re¬ 
spects  like  the  algae.  They  differ  from  the  algae,  however,  in  that 
they  lack  chlorophyll  and  other  photosynthetic  pigments  and  so, 
instead  of  manufacturing  their  own  food,  are  saprophytes  or 
parasites.  They  are  frequently  colorless,  but  may  have  a  great 
variety  of  colors  and  may  even  be  green.  The  plant  body  may  be 
very  simple  and  may  even  consist  of  a  single  cell ;  however,  in  all 
except  a  comparatively  small  number  which  can  be  seen  only  under 
the  microscope  the  plant  body  is  composed  of  branching  filaments 
known  as  hyphae  (singular  hypha).  The  hyphae  form  a  tangled 
mass,  called  a  mycelium.  The  hyphae  are  either  rows  of  single  cells 
or  coenocytic  threads.  The  mycelium  may  be  a  loose  cobwebby 
structure  as  in  molds ;  it  may  be  so  dense  as  to  be  relatively  hard 
and  firm  as  in  mushrooms ;  or  there  may  be  such  a  combination  of 
density  with  firmness  of  cell  walls  as  to  produce  a  woody  struc¬ 
ture  as  in  the  bracket  fungi  (Fig,  714).  Even  in  the  woody  forms, 
however,  the  fungi  do  not  produce  true  tissues ;  in  them  the  plant 
body  is  made  up  of  interlacing  hyphae,  and  the  hyphae  are  single 
rows  of  cells. 

Reproduction.  The  fungi  may  be  reproduced  vegetatively  by 
the  growth  and  division  of  the  mycelium.  The  common  or  field 
mushroom,  Agaricus  campestrisj  is  propagated  for  commercial 
purposes  by  cutting  into  blocks  the  substratum  in  which  the 
mycelium  is  growing,  and  planting  these  blocks  in  new  beds.  In 
the  fungi,  as  in  the  algae,  the  specialized  reproductive  bodies,  other 
than  the  sexual  cells  themselves,  are  spores.  In  some  of  the  simpler 
fungi  the  asexual  spores  are  zoospores,  but  in  the  great  majority 
they  are  non-motile  spores  enclosed  in  cell  walls.  The  methods  of 
sexual  reproduction  are  very  varied. 
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Distinguishing  features.  As  the  fungi  are  a  very  large  and 
varied  group,  it  is,  as  in  the  case  of  the  green  algae,  very  difficult  to 
give  a  short  description  which  will  characterize  all  the  members  and 
exclude  all  other  organisms.  The  presence  of  a  mycelium  is  a  very 
convenient  distinguishing  characteristic. 

There  are  many  other  kinds  of  plants  which  do  not  have  chloro¬ 
phyll  and  are  parasites  or  saprophytes.  The  mycelium  of  a  fungus 
■is  readily  distinguished  from  a  bacterial  filament  by  the  larger  size 
and  more  complex  structure  of  the  cells ;  like  the  algae  and  unlike 
the  bacteria,  they  have  definite  and  highly  organized  nuclei  and 
cell  walls  which  are  easily  seen.  Many  flowering  plants  lack 
chlorophyll  and  live  as  saprophytes  or  as  parasites  j  these  can  be 
distinguished  from  the  fungi  not  only  by  the  absence  of  a  mycelium 
but  also  because  they,  hke  other  flowering  plants,  produce  true 
tissues,  have  flowers,  and  reproduce  by  seeds. 

Many  algae  resemble  fungi  in  being  composed  of  rows  of  single 
cells  or  coenocytic  threads,  but  they  are  readily  distinguished 
from  the  fungus  mycelium  by  the  occurrence  of  photosynthetic 
pigments. 

Perhaps  the  plants  which  are  most  likely  to  be  mistaken  for 
fungi  by  one  not  familiar  with  botany  are  the  ityxonvycetes,  which, 
as  we  have  seen,  form  small  fruiting  bodies  and  resemble  the  fungi 
in  lacking  photosynthetic  pigments  and  in  reproducing  by  means  of 
spores.  They,  however,  can  be  readily  distinguished  from  the  fungi 
because  they  do  not  have  a  mycelium. 

Distribution  of  fungi.  Fungi  occur  throughout  the  world  wher¬ 
ever  conditions  make  life  possible  and  there  are  materials  on  which 
they  can  grow.  They  are  very  abundant  in  soil,  and  occur  on  prac¬ 
tically  all  kinds  of  decaying  material.  An  enormous  number  are 
parasitic  on  plants,  and  they  parasitize  all  types  of  plants  from 
simple  algae  to  the  most  advanced  flowering  plants.  Many  are 
parasitic  or  saprophytic  on  other  fungi.  There  are  also  a  consider¬ 
able  number  which  are  parasitic  on  various  types  of  animals,  and 
quite  a  variety  on  man  himself. 

Importance  of  fungi.  Many  saprophytic  fungi  are  harmful  to 
TT'a.-n  in  that  they  cause  spoilage  of  food  and  the  destruction  of  other 
materials  which  are  useful  to  him,  as  when  they  cause  the  4ccay 
of  timber ;  however,  like  the  saprophytic  bacteria,  they  serve  a 
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most  useful  purpose  in  that  they  cause  the  breaking  down  of  dead 
plant  and  animal  matter  and  help  return  the  component  materials 
to  the  soil  and  air  in  forms  which  can  be  absorbed  and  utilized  by 
green  plants.  The  great  majority  of  plant  diseases  are  due  to 
parasitic  fungi,  and  these  do  tremendous  damage;  fortunately 
scientists  have,  in  comparatively  recent  years,  learned  much  about 
the  control  of  these  diseases,  and  the  application  of  this  knowledge 
has  gone  far  toward  minimizing  the  loss.  A  few  human  diseases  are 
due  to  fungi ;  these  are  mostly  of  minor  importance. 

Classes  of  fungi.  In  the  fungi  there  are  three  classes :  the 
Phy corny cetes,  the  Ascomycetes,  and  the  Basidiomycetes, 

GLASS  PHYCOMYCETES 

Genera!  characteristics.  The  Phy corny cetes,  as  a  class,  bear  con¬ 
siderable  resemblance  in  general  structure  to  the  chlorococcine  line 
of  development  in  the  green  algae,  and  particularly  to  the  Sipho- 
nales.  While  some  of  the  simplest  are  unicellular,  the  great  majority 
are  coenocytic  and  have  a  much-branched  mycelium  in  which  there 
are  many  nuclei  but  no  cross  walls  except  in  connection  with  the 
formation  of  reproductive  structures.  The  nature  of  the  mycelium 
is  a  very  important  diagnostic  character  in  recognizing  the  P%- 
comycetes,  as  the  A  scomycetes  and  the  Basidiomycetes  have  a  septate 
mycelium ;  that  is,  a  mycelium  which  is  divided  up  into  separate 
ceils  by  cross  walls. 

In  the  Phycomycetes  there  are  three  orders :  the  Chyiridiales, 
the  Oofnycetes,  and  the  Zygomycetes,  The  forms  included  in  the 
Chytridiales  are  all  small  and  the  mycelium  is  never  well  developed. 
The  Oomycetes  and  the  Zygomycetes  are  characterized  by  a  well- 
developed  mycelium. 


ORDER  OOMYCETES 
Saprolegnia 

General  characteristics.  The  Oomycetes  are  characterized  by  the 
fact  that  sexual  reproduction  is  by  the  fertilization  of  eggs.  In 
order  to  get  an  idea  of  this  order  we  may  consider  a  typical  example, 
the  genus  Saprolegnia.  This  genus  (Fig.  659)  grows  abundantly 
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a  similar  way,  except  that  the  filaments  enter  the  body  of  the 
animal  on  which  the  Saprolegnia  is  growing.  The  zoosporangium 
of  Saprolegnia  has  a  shape  similar  to  that  of  Vaucheria,  In  Sapr(h 
legnia  there  is  a  zoospore  for  each  nucleus,  and  each  spore  has  two 


Fig.  662.  Achlya  polyandra,  a  relative  of  Saprolegnia 

Development  of  eggs  and  discharge  of  male  nuclei  into  egg  as  seen  in  sections. 
Af  oogonium  before  the  protoplasm  has  begun  to  divide  up  to  form  eggs.  B, 
protoplasm  dividing  to  form  eggs.  C,  eggs  already  cut  out  from  the  proto¬ 
plasm.  Dy  eggs  mature  and  fertilizing  tubes  (a:)  growing  from  antheridia  to 
eggs,  Ey  a  fertilizing  tube  in  contact  with  an  egg ;  the  male  nucleus  {m)  is 
shown.  Fy  male  nucleus  ready  to  be  discharged  into  egg.  G,  an  egg  into  which 
the  male  nucleus  has  been  discharged ;  the  egg  nucleus  is  in  the  center  of  the 
egg.  {A-Dy  X  400;  E-G,  x  1550),  After  Micke 

flagella.  The  zoospore  of  Vaucheria  has  a  dijEferent  structure,  but 
we  have  seen  that  there  is  reason  to  believe  that  it  is  a  compound 
zoospore  which  can  be  regarded  as  formed  by  the  fusion  of  a  num¬ 
ber  of  zoospores  similar  to  those  of  Saprolegnia,  The  zoospore  of 
Vaucheria  has  numerous  pairs  of  flagella,  each  of  which  is  opposite 
a  nucleus,  and  the  relatives  of  Vaucheria  have  biflagellate  zoo¬ 
spores.  The  oogonia  of  the  two  forms  are  very  similar  except  that 
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Saprolegnia  usually  has  more  than  one  egg,  while  Vauchena  usually 
has  a  single  egg.  The  general  form  of  the  antheridia  of  Saprolegnia 
is  likewise  similar  to  that  of  the  antheridia  of  Vauchena;  Vauche- 
nUj  however,  produces  sperms  which  swim  through  the  water, 
while  in  Saprolegnia  fertilization  is  by  a  tubular  outgrowth  from 
the  antheridium.  From  the  above  comparison  it  will  be  seen  that 
Vaucheria  and  Saprolegnia  have  a  great  many  points  in  common. 

Relationship.  There  has  always  been  considerable  difference  of 
opinion  among  students  of  fungi  as  to  various  important  aspects  of 
the  origin  and  evolution  of  the  group  to  which  Saprolegnia  belongs. 
There  are  those  who  hold  that  the  fungi  represent  a  separate  line  of 
evolution  which  started  with  colorless  flagellates  and  developed 
into  the  various  classes  of  fungi  which  we  know  today.  According 
to  this  point  of  view  the  similarities  between  Saprolegnia  and 
Vaucheria  would  represent  parallel  development  in  different  lines, 
just  as  there  has  been  parallel  development  in  various  groups  of 
algae.  This  point  of  view  is  supported  by  the  fact  that  there  are 
very  simple  fungi,  apparently  related  to  the  Myxomycetes^  which 
do  not  appear  to  be  very  far  removed  from  flagellate  ancestors. 
Also  in  the  simplest  order  of  Phy corny cetes^  the  Chytridiales^  there 
are  various  forms  which  have  been  interpreted  as  leading  from  the 
simplest  fungi  to  the  Oomycetes.  It  must  be  said,  however,  that  the 
arrangement  of  the  lower  fungi  in  a  series  supposedly  leading  to 
such  forms  as  Saprolegnia  is  nothing  like  so  convincing  as  the  series 
worked  out  in  the  green  algae.  In  this  connection  it  is  well,  how¬ 
ever,  to  remember  that  many  of  our  ideas  as  to  evolutionary  lines 
among  the  green  algae  are  based  on  rather  recent  investigations. 

There  are  two  other  general  ideas  as  to  the  evolution  of  the 
fungi  as  a  whole :  fi.rst,  that  the  fungi  are  a  heterogeneous  aggre¬ 
gation  derived  from  various  groups  of  algae;  second,  that  the 
simplest  fungi  are  related  to  the  Myxomycetes,  while  all  or  most  of 
the  Phy corny cetes  and  all  of  the  Ascomycetes  and  Basidiomycetes 
represent  one  line  of  evolution  derived  from  the  green  algae.  Many 
botanists  who  hold  one  of  these  two  views  believe  that  Saprolegnia 
is  descended  from  a  siphonaceous  green  alga  much  like  Vaucheria, 
This  seems  all  the  more  possible  because  many  different  kinds  of 
green  plants  have  saprophytic  or  parasitic  relatives.  We  find  such 
plants  scattered  in  a  considerable  number  of  families  of  flowering 
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plants.  If  a  holdfast  of  Vamheria^  instead  of  attaching  itself  to  a 
rock,  were  to  grow  into  the  body  of  an  animal  and  absorb  nourish¬ 
ment,  and  if  at  the  same  time  the  plant  were  to  lose  its  chlorophyll, 
we  should  certainly  have  a  plant  that  would  be  very  similar  to  some 
of  the  Oomycetes,  such  as  Saprolegnia.  We  have  already  seen  in  the 
cases  of  certain  flagellates  that  the  same  organism  may,  under 
different  conditions,  develop  chlorophyll  and  manufacture  its  own 
food  or  lose  its  chlorophyll  and  live  on  organic  matter.  It  is  there¬ 
fore  not  hard  to  believe  that  some  plant  similar  to  Vaucheria 
changed  its  mode  of  obtaining  food  and  gave  rise  to  the  Oomycetes. 
The  two  types  of  zoospores  in  Saprolegnia  are  very  puzzling  from 
the  evolutionary  standpoint. 


Albugo 

General  characteristicso  Closely  related  to  the  family  (Sapro^ 
.  kgniaceae)  to  which  Saprolegnia  belongs  is  another  family  of  the 
Oomycetes  (Peronosporaceae)  which  contains  a  large  number  of 


Fig.  663.  Albugo  Candida 

Left,  a  hypha  with  knoblike  haustoria  in  cell  of  host  (after  De  Bary).  Eight, 
section  of  a  leaf  showing  development  of  conidiophores  and  conidia  under  the 

epidermis 

species  that  are  parasitic  within  the  tissues  of  higher  plants.  These 
plants  resemble  the  Saprolegniaceae  in  having  much-branched 
coenocytic  hyphae,  and  in  having  sexual  reproduction  by  means  of 
oogonia  with  eggs  which  are  fertilized  through  fertilizing  tubes 
that  grow  from  the  antheridia.  Also  many  of  them  produce  zoo- 
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spores.  This  group  of  fungi  causes  many  serious  plant  diseases. 
Albugo  is  parasitic  on  flowering  plants.  The  hyphae  are  found  in  the 
intercellular  spaces  of  the  host.  Knoblike  haustoria  grow  from 
these  hyphae  into  the  ceils  of  the  host  and  absorb  food  material 
from  them  (Fig.  663). 

Asexual  reproduction.  Albugo  reproduces  asex- 
ually  by  means  of  specialized  sporangia  which 
are  shed  as  single  cells  and  are  usually  called 
conidiospores  or  conidia.  These  are  formed  in 
chains  on  special  branches  known  as  conidio- 
phores,  so  called  because  they  bear  conidia  (Fig. 
664).  The  conidiophores  are  formed  in  compact 
groups  beneath  the  epidermis  of  the  host  (Fig. 
663).  They  exert  sufficient  pressure  to  rupture 
the  epidermis.  The  conidia  of  a  chain  are  sep¬ 
arated  from  each  other  by  gelatinous  disks  which 
are  formed  by  the  gelatinization  of  the  outer 
layer  of  the  cell  walls  where  the  two  cell  walls 
come  in  contact.  The  conidia  separate  to  form 
a  dry  product  which  may  be  scattered  by  the 
wind  (Fig.  664).  When  the  conidia  germinate, 
they  show  that  they  are  really  modified  zoo- 
sporangia.  Under  favorable  conditions  their 
contents  divide  up  to  form  zoospores  with  two 
laterally  inserted  flagella  (Fig.  665).  Such  a  zoo¬ 
spore  escapes  from  the  conidium,  swims  about 
for  a  while,  then  comes  to  rest  and  sends  out  a 
hypha  or  germ  tube  which  may  infect  a  host  and 
start  a  new  Albugo  plant. 

Sexual  reproduction.  The  sexual  reproductive 
organs  of  Albugo  bear  considerable  resemblance 
to  those  of  Saprolegniaj  except  as  to  the  number  of  oospores 
formed  in  an  oogonium  (Fig.  666). 

The  antheridium  is  much  like  that  of  Saprolegnia,  A  fertilizing  tube 
grows  from  it  into  the  egg.  In  some  species  there  are  numerous  functional 
nuclei  in  the  oogonium.  In  such  cases  numerous  nuclei  migrate  through 
the  fertilizing  tube  into  the  oogonium,  where  the  male  and  female  nuclei 
fuse  in  pairs.  In  other  cases  there  is  only  a  single  functional  female  nucleus. 


Fig.  664.  Conidi- 
ophores  bearing 
conidia,  growing 
from  mycelium  of 
Albugo 

Note  the  gelati¬ 
nous  disks  sepa¬ 
rating  the  conidia. 
( X 185).  After  Tu- 
lasne 


Fig.  665.  Albugo  can0da 

Formation,  discliarge,  and  liberation  of  zoospores.  Above,  from  conidium; 
below,  from  an  oospore.  (X  400).  After  De  Bary 


Fig.  666.  Fertilization  in  Albugo  Candida 

Left,  fertilizing  tube  with  male  nucleus.  The  egg  nucleus  is  just  below  the 
fertilizing  tube,  and  to  the  left  of  the  egg  nucleus  is  the  body  known  as  the 
coenocentrum.  This  is  formed  by  the  condensation  of  protoplasm  in  the  center 
of  the  oogonium.  Its  function  is  obscure,  but  it  may  serve  to  attract  the 
nuclei.  Center,  fertilizing  tube  discharging  its  contents  into  the  egg;  right, 
egg  and  male  nuclei  fusing.  (x  555).  After  Davis 
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and  only  one  male  nucleus  enters  into  the  fertilizing  tube  and  fuses  with 
this  (Fig.  666).  The  contents  of  the  fertilized  oogonium  become  trans¬ 
formed  into  an  oospore.  The  wall  of  this  consists 
of  two  layers,  the  outer  of  which  is  greatly 
thickened. 

The  oospores  are  liberated  by  the  disinte¬ 
gration  of  the  tissues  of  the  host.  Under 
favorable  conditions  they  germinate  by  pro¬ 
ducing  biflagellate  zoospores  (Fig.  665). 

Relatives  of  JlZ6'wg'0  is  very  distinctive 

in  the  manner  in  which  its  sporangiophores  are 
arranged  in  groups  beneath  the  epidermis  and 
bear  the  sporangia  in  chains.  In  near  relatives 
of  Albugo,  such  as  Phytophthora,  the  sporangia 
are  borne  on  branched  sporangiophores  which 
project  from  the  surface  of  the  host  (Fig.  667). 

In  some  of  the  relatives  of  Albugo  the  transfor¬ 
mation  of  sporangia  into  conidia  has  gone  further 
than  in  Albugo,  This  is  true  in  Phytophthora  in^ 
festans,  which  causes  a  very  serious  disease  of  the 
potato,  known  as  late  blight.  Here,  depending 
on  external  conditions,  the  conidia  may  either 
produce  zoospores  or  germinate  directly  by  send¬ 
ing  out  a  germ  tube.  In  still  other  cases  the 
conidia  germinate  only  by  sending  out  germ  tubes. 


Fig.  667.  Conidial 
fructification  of  the 
potato  rot,  or  late 
blight  (Phytophthora 
infestans) 

A,  conidiophores  is¬ 
suing  from  stomata 
and  bearing  conidia  ; 
Bf  at  left,  contents  of 
a  conidium  divided 
to  form  zoospores ; 
at  right,  a  zoospore. 

(After  Schenck) 


ORDER  ZYGOMYCETES 
Rhizopus  Nigricans 


General  characteristics.  The  members  of 
the  order  Zygomycetes  are  distinguished  from 
those  of  the  order  Oomycetes  by  their  method 
of  sexual  reproduction.  In  the  Zygomycetes 
there  are  no  motile  cells,  and  sexual  reproduc¬ 
tion  is  due  to  the  conjugation  of  two  hyphae. 

Rhizopus  is  a  typical  example  of  the  order  Zygomycetes.  This 
fungus  i^  a. conspicuous  white  mold  which  grows  on  bread  and  other 
substances^  \Its  distribution  is  world-wide,  and  it  is  exceedingly 


common. 


A 
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The  vegetative  body  is  a  coenocytic  mycelium  composed  of 
branching  filaments  (Fig.  668).  The  filaments  are  colorless,  and, 
as  is  characteristic  of  coenocytic  plants,  they  contain  numerous 
nuclei  and  no  cross  walls.  The  main  branches  of  the  mycelium  grow 
horizontally  above  the  substratum,  and  are  known  as  stolons. 
Where  the  tip  of  a  stolon  comes  in  contact  with  the  substratum,  it 
enlarges  and  the  enlargement  gives  rise  to  branches.  Slender  much- 
branched  filaments  grow  downward  from  the  lower  part  of  the 


Fic.  668.  Rhizopus  nigricans 

The  main  drawing  shows  the  habit  (x  25).  Note  the  absorbing  hyphae  which 
enter  the  substratum,  and  the  aerial  ones  which  project  upward  and  bear  spo¬ 
rangia.  Above  are  two  sporangia,  a  ripe  one  containing  spores  and  one  from 
which  many  spores  have  been  shed  so  that  the  columella  is  exposed  (X  65) 

enlargement  and  penetrate  the  substratum.  They  serve  both  as 
holdfasts  to  anchor  the  plant  and  for  the  absorption  of  nutriment 
material.  From  the  upper  portion  several  branches  grow  upward. 
These  latter  are  unbranched,  and  each  bears  a  sporangium  at  its 
tip.  As  they  bear  sporangia,  they  are  called  sporangiophores. 
Stolons  also  grow  from  the  enlargements.  Owing  to  this  method  of 
growth,  the  older  plants  have  the  appearance  of  sparingly  branched 
stolons  which,  at  intervals,  produce  enlargements  bearing  rhizoidal 
branches  and  sporangiophores.  The  general  effect  is  something 
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like  that  of  a  higher  plant,  such  as  a  strawberry,  which  reproduces 
by  means  of  runners  or  stolons. 

Asexual  reproduction.  Rhizopiis  reproduces  by  means  of  spores, 
which  are  produced  in  very  large  numbers  in  the  rounded  spo¬ 
rangia.  A  sporangium  is  formed  by  the  enlargement  of  the  tip 
of  a  sporangiophore  (Fig.  669).  It  is  only  the  protoplasm  in  the 
outer  part  of  the  enlargement  that  divides  up  to  produce  spores. 
The  spore-producing  portion  is  therefore  a  cup-shaped  sac,  and 
surrounds  a  rounded  sterile  central  portion  known  as  the  columella, 
which  is  continuous  with  the  stalk  of  the  sporangiophore.  The 
spores  germinate  by  sending  out  hyphae  which  produce  mycelia. 

As  the  tip  of  the  sporangiophore  enlarges  to  form  a  sporangium,  the 
protoplasm  in  the  peripheral  portion  of  the  enlargement  comes  to  be  fairly 
dense  while  that  in  the  center  is  much  less  dense  and  is  much  vacuolated 
(Fig.  669).  The  spore-bearing  portion  is  cut  off  from  the  columella  in  the 
following  way :  A  series  of  small  vacuoles  appear  just  within  the  denser 
protoplasm,  near  where  this  joins  the  more  vacuolated  and  central  portion 
of  the  protoplasm.  These -vacuoles  mark  the  region  where  the  spore- 
bearing  protoplasm  will  be  separated  from  the  columella.  A  cleavage  fur¬ 
row  grows  in  from  the  periphery  of  the  protoplasm  near  tlie  base  of  the 
enlargement  and  joins  with  the  above-mentioned  vacuoles,  which  flatten 
and  coalesce  so  that  the  protoplasm  which  will  produce  spores  is  separated 
from  that  of  the  columella.  This  is  follow’'ed  by  the  formation  of  a  wall 
around  the  columella. 

While  the  above-described  process  is  going  on,  the  protoplasm  of  the 
sporangium  begins  to  divide  up  to  form  spores.  This  is  brought  about  by 
cleavage  furrows  which  start  at  the  periphery  of  the  protoi)lasm  and  grow 
inward.  These  divide  the  protoplasm  into  numerous  small  pieces,  each  of 
which  contains  several  nuclei.  Each  piece  surrounds  itself  with  a  cell  wall 
and  becomes  a  spore.  The  spores  are  scattered  by  the  wind  and  are  very 
plentiful  in  the  atmosphere.  They  are  so  plentiful  that  it  is  easy  to  start 
a  growth  of  Rhizopus  by  exposing  a  piece  of  moistened  bread  in  an  ordi¬ 
nary  room.  The  bread  should  be  covered,  as  by  a  glass  vessel,  so  as  to 
prevent  the  bread  or  tie  growth  of  Rhizopus  from  drying. 

Sexual  reproduction.  The  plants  which  produce  sporangia  and 
asexual  spores  may  also  reproduce  by  sexual  fusr&.  Sexual  repro¬ 
duction  is  due  to  the  conjugation  of  two  simflar  filaments,, which, 
however,  always  come  from  different  plants.^  These  conjugating 
filaments  are  short  side  branches,  the  tips  of  which  grow  together 


Fig.  669.  Developmeiit  of  sporangium  of  Rhizopus  nigricans 

A,  enlarged  tip  of  hypha.  B,  outer  and  inner  part  diSerentiated.  C,  small 

vacuoles  between  outer  and  inner  part.  D,  vacuoles  elongating  and  coalescing ; 
cleavage  furrows  starting  from  periphery.  E,  more  enlarged  view  of  nuclei 
and  incipient  cleavage  furrows  in  protoplasm  of  sporangium.  F,  sporangium 
completely  cut  off  from  columella ;  more  progress  toward  division  into  spores. 
Gf  mature  sporangium.  a  spore  greatly  enlarged.  (After  Swingle) 


590 


The  Plant  Kingdom 


Fic.  670.  Successive  stages  in  conjugation  and  formation  of  a  zygospore  in 

Rhizopus  nigricans.  (  X  80) 


Fig.  671.  Germination  of 
zygospore  of  Mucor  mucedo, 
a  mold  related  to  Rhizopm 

Modified  after  Brefeld 


(Fig.  670).  The  tips  enlarge,  and  each 
is  cut  off  by  a  cross  wall.  This  is  fol¬ 
lowed  by  the  absorption  of  the  walls 
separating  the  two  terminal  cells  where 
these  are  in  contact.  These  cells  then 
fuse  together  to  form  a  single  cell.  This 
enlarges,  surrounds  itself  with  a  thick  - 
wall,  and  becomes  a  resting  zygospore. 
The  cells  which  fuse  to  form  the  zygo¬ 
spore  may  be  regarded  as  gametangia 
which,  instead  of  forming  gametes,  have 
taken  over  the  function  of  gametes,  and 
by  their  fusion  form  a  large  multinucleate 
zygote.  When  the  zygospore  germinates, 
the  thick  wall  is  burst  and  there  grows 
out  a  hypha  which  becomes  a  sporangio- 
phore  with  a  single  terminal  sporangium 
containing  asexual  spores  (Fig.  671). 

While  all  the  plants  of  Rhizopus  look 
alike,  there  are  in  reality  two  kinds,  as 
is  shown  by  their  action  in  sexual  fusion. 
These  two  kinds  are  called  -f  and  — ,  and 
sexual  fusion  occurs  only  when  a  -f-  and 
a  —  hypha  come  together.  The  existence 
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of  two  kinds  of  plants  which  are  alike  in  appearance  but  differ 
in  sexuality  is  similar  to  the  condition  which  occurs  in  some  algae 
which  we  have  considered  previously.  When  ordinary  vegetative 
plants  reproduce  asexuaily,  the  daughter  plants  are  all  the  same 
kind  as  the  parent  plant.  The  occurrence  of  +  and  —  strains  is 
not  confined  to  RMzopus  but  is  found  in  a  considerable  propor¬ 
tion  of  the  molds.  Species  where  there  are  +  and  —  strains  are 


Fig.  672.  The  mycelinm  of  a  mold  (Mucor  mucedo)  developed  from  a 
single  spore 

a,  hj  and  c,  erect  branches  which  are  to  bear  the  sporangia,  showing  three 
stages  of  development.  (After  Brefeld) 

said  to  be  heterothallic.  In  some  molds  all  plants  appear  to  be 
alike,  and  there  are  no  +  s^nd  “  strains ;  such  species  are  homo- 
thallic.  In  heterothallic  species  the  zygospore,  as  we  have  seen, 
is  due  to  the  fusion  of  a  +  and  a  —  strain.  Before  the  formation 
of  spores  in  the  sporangium  which  results  from  the  germination  of 
the  zygospore,  there  is  a  segregation  of  the  strains  so  that  the 
spores  formed  in  the  sporangium  have  either  a  +  or  a  —  tendency. 

Relationship,  The  origin  of  the  Zygomycetes  is  by  no  means 
clear.  By  those  who  regard  the  fungi  as  a  very  heterogeneous  group 
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derived  from  various  kinds  of  algae  it  has  been  suggested  that 
sexual  reproduction  by  conjugation  indicates  that  the  Zygomycetes 
are  related  to  the  Conjugates  among  the  green  algae.  However,  the 

differences  between  the  two  groups 
are  very  great.  The  extensive 
development  of  coenocytic  my- 
celia  in  both  the  Oomycetes  and 
the  Ztjgomycetes  has  suggested  a 
relationship  between  these  two 
groups.  Perhaps  the  most  gen¬ 
erally  accepted  view  is  that  the 
Zygomycetes  are  related  to  the  sim¬ 
pler  Oomycetes  or  the  Chytridiales. 

Relatives  of  Rhizopus.  Rhizopm 
is  one  of  a  large  number  of  molds 
which  show  considerable  variation 
among  them,  particularly  in  the  for¬ 
mation  of  the  sporangia.  In  Rhizo¬ 
pus  the  sporangiophores  are  borne 
in  clusters ;  in  other  cases  they  may 
be  produced  singly  from  the  myce¬ 
lium  (Fig.  672).  In  some  species  the 
•  sporangiophores  are  unbranched,  as 
in  Rhizopus,  while  in  others  tliey 
may  be  much  branched  (Fig.  673). 
There  are  three  general  types  of  spo¬ 
rangia:  large  sporangia  with  many 
spores,  as  in  Rhizopus,  small  sporangia 
(sporangioles)  with  few  spores  (Figs. 
673,  674),  and  single-celled  sporangia 
which  act  like  spores  and  are  knoTO 
Fig.  673.  Thamnidium  elegans,  as  conidia  (Fig.  675).  Some  species 
one  of  the  Zygomycetes  have  only  one  type,  others  two  kinds, 

Note  large  terminal  sporangium  others  all  three.  The  spo- 

and  sporangioles.  (After  Brefeld)  rangioles  are  modified  sporangia,  and 

the  conidia  represent  a  still  further 
modification.  Sporangioles  are  usually  borne  in  larger  numbers  than 
sporangia,  and  conidia  in  still  larger  numbers. 

Evoltitionary  trends  in  the  Zygomycetes.  In  the  development  of 
the  Zygomycetes  from  the  more  primitive  to  the  more  advanced 
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forms  there  is  a  tendency  for  sporangia  to  be  transformed  into 
sporangioles  and  these  into  conidia.  Forms  like  Rhizopus  with 


Fig.  674.  Blakeslea  trispora,  one  of  the  Zygomycetes 

A,  group  of  heads  of  sporangioles;  B,  section  of  a  young  head  before  develop¬ 
ment  of  spores ;  C-D,  variations  in  size  of  sporangia.  (After  Thaxter) 

comparatively  few  large  many-spored  sporangia,  which  are  home  on 
unbranched  sporangiophores,  are  regarded  as  the  more  primitive. 


Fig.  675.  Conidia  of  Zygomycetes 

Left,  Piptocephalis  freseniana  (X  250) ;  right,  Dispua  amencano  (X  600). 
After  Brefeld  and  Thaxter 

These  are  followed  by  forms  which  have  not  only  large  many-spored 
sporangia,  but  also  more  numerous  small  sporangia.  Finally  there 
are  forms  with  no  sporangia  and  very  numerous  conidia.  In  the 
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series  there  are  monosporous  sporangia  that  are  really  on  the  border 
line  between  sporangioles  and  conidia.  The  walls  of  the  spore  and 
the  sporangium  coalesce,  but  the  sporangium  wall  is  thrown  off 
as  an  exospore  on  germination.  In  more  advanced  types  of  conidia 
the  sporangium  is  entirely  transformed  into  a  conidium,  there  is 


Fig.  676.  Endogone  lactiflua,  a  zygomycete  with  heterogamous.  conjugation 

large  and  small  hyphae  near  each  other;  B,  large  and  small  hyphae  are 
united  through  opening;  C,  uninucleate  end  cells  have  been  formed  from 
tips  of  hyphae;  D,  nucleus  from  smaller  or  male  cell  has  migrated  into 
larger  or  female  cell,  and  both  nuclei  are  migrating  into  an  outgrowth  of  the 
larger  or  female  cell;  E,  two  nuclei  in  outgrowth  from  larger  or  female  cell 
(this  outgrowth  will  become  the  spore).  (All  x  400).  F,  spore  of  Endogone 
tuherculosa.  (After  Bucholtz  and  Thaxter) 

no  distinction  between  spore  and  sporangium  wall,  and  the  spo¬ 
rangium  or  conidium  sends  out  germ  tubes  which  produce  a 
mycelium.  Conidia  may  be  formed  singly  on  stalks  or  in  chains. 
The  true  conidia,  and  also  the  conidiophores,  are  very  similar 
to  conidia  and  conidiophores  found  in  the  Ascomycetes  and  the 
Basidiomycetes, 

Another  trend  in  the  Zygomycetes  which  has  been  interpreted  as 
leading  toward  the  Ascomycetes  is  a  tendency  toward  increased 
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septation  in  the  more  advanced  Zygomycetes,  particularly  in  older 
plants. 

Still  another  development  which  has  been  interpreted  as  point¬ 
ing  toward  the  Ascomycetes  is  a  tendency  for  an  isogamous  con¬ 
jugation  to  become  heterogamous  (Fig.  676). 


Empusa 

General  characteristics.  The  Zygomycetes  contain  a  small  family 
(Eniomophthoraceae)  of  interesting  fungi  which  are  mostly  parasitic  on 
insects.  They  produce  zygospores  as  the  result  of  the  conjugation  of  two 


Fig.  677.  Empusa 

A,  a  group  of  conidiophores  of  Empusa  muscae  in  various  stages  of  develop¬ 
ment  ;  B,  mature  conidiophore  bearing  a  ripe  conidium  ready  for  discharge ; 
C-Ej  Empusa  sepvlchralis,  showing  conjugation  of  two  hyphae  and  outgrowth 
of  zygospore.  (A,  C~E,  X  170;  B,  x  335).  After  Thaxter 

filaments.  To  this  group  Empusa  belongs  (Fig,  677).  One  species  of 
Empusa  is  very  common  on  house  flies,  which  are  often  fastened  to  win¬ 
dow  panes  by  hyphae.  This  species  does  not  produce  zygospores,  but  its 
conidia  and  other  features  are  very  characteristic  of  its  group.  A  sporan¬ 
gium  contains  a  single  spore  and  is  borne  at  the  tip  of  an  enlarged  sporan- 
giophore.  The  sporangiophores  often  piroject  from  the  surface  of  a  dead 


Fic.  679.  Secdon  of  cuplike  fruit  body  of  Lachnea 
Above  is  the  hymenium  composed  of  asci  and  paraphyses.  (x  26) 
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fly  in  sufficient  numbers  to  form  a  sort  of  halo.  A  swelling  of  the  sporan¬ 
gium  and  sporangiophore  causes  the  bursting  of  the  former  and  the  forci¬ 
ble  discharge  of  the  spore.  The  spores  germinate  by  sending  out  filaments. 

CLASS  ASCOMYCETES 

General  characteristics.  The  Ascomycetes  are  a  very  large  and 
varied  group  of  fungi  whidh  are  characterized  by  having  ascospores 
borne  in  asci.  The  ascus  is  a  saclike,  commonly  cylindrical  struc- 


Fig.  680.  Fruit  bodies  of  Lwchnea  and  Feziza 

These  are  known  as  cup  fungi  on  account  of  their  shape.  In  both  cases  the 
hymenium  covers  the  upper  surface 


ture  usually  containing  eight  ascospores  (Fig.  678),  but  the  number 
of  spores  may  vary  from  two  to  many.  In  a  few  cases  the  asci  are 


Fig.  681.  Venturia  inaequalis  (the  causal  or¬ 
ganism  of  apple  scab)  on  apple  leaf 


Fig.  682.  Peritbecium 
of  Fodospora  fimi^ 
seda,  a  fruit  body  con¬ 
sisting  of  a  single 
perithecium.  (  X  60) 

After  Tayel 
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borne  singly,  but  in  the  vast  majority  of  species  they  are  produced 
in  a  layer,  called  the  hymenium,  which  contains  many  asci,  among 
which  are  the  numerous  sterile  filaments,  the  paraphyses  (Figs. 
678,  679).  In  some  cases  the  hymenium  occurs  as  an  outer  covering 
of  the  fruit  body  (Fig.  680),  while  in  others  it  lines  flask-shaped 

cavities  (Figs.  681,  682)  called  perithe- 
cia.  Perithecia  may  occur  singly  (Fig. 
682)  or  a  considerable  number  may  occur 
in  one  fruit  body  (Fig.  704).  The  fruit 
bodies  of  the  Ascomycetes  are  known 
as  ascocarps. 

In  addition  to  producing  ascospores, 
m^ny  Ascomycetes  also  reproduce  by 
conidia  (Figs.  683,  700).  Both  the  co- 
nidia  and  the  conidiophores  of  the  Asco- 
mycetes  bear  considerable  resemblance  to 
those  of  the  Zygomycetes.  In  many  of 
the  simpler  Ascomycetes  reproduction 
by  conidia  is  much  more  prominent 
than  reproduction  by  ascospores;  in  going  from  the  simpler  to 
the  more  highly  developed  forms  this  condition  becomes  reversed. 
The  Ascomycetes  vary  from  small  inconspicuous  forms  to  others 
which  are  of  considerable  size  and  are  fairly  conspicuous.  They 
never  attain  the  large  size  of  some  of  the  Basidiomycetes  such  as  the 
larger  mushrooms  and  the  huge  bracket  fungi. 

Pyronema  Confluens 

General  description.  Pyronema  confluens  is  one  of  the  Ascomy¬ 
cetes  which  has  been  very  thoroughly  studied,  and  a  consideration 
of  its  life  history  will  serve  as  a  very  convenient  introduction  to  the 
Ascomycetes.  The  ascocarp  of  Pyronema  confluens  is  somewhat 
lens-shaped,  pink  or  salmon-colored,  and  from  one  to  three  milli¬ 
meters  in  diameter.  The  upper  portion  consists  of  a  hymenium 
composed  of  asci  and  paraphyses.  The  ascocarps  are  found  on  ma¬ 
terial  which  has  been  burned  or  sterilized ;  and  the  fruit  bodies  are 
often  confluent,  from  which  characteristic  it  gets  its  specific  name 
confluens. 


Fig.  683.  Conidia  of 
Ascomycetes 

Left,  Lachnea  ahundans; 
right,  Lachnea  cretea.  (Af¬ 
ter  Dodge  and  Gwynne- 
Vaughan  and  Williamson) 


Fig.  684.  Two  stages  in  development  of  ascogonia  and  antheridia  of  Pyro^ 
nema  confluem  i  X  330)  and  a  cluster  of  mature  ascogonia  and  antlieridia 

After  Claussen  and  Harper 


Fic.  685.  Development  of  ascogonia  and  antheridia  of  Pyronema  confiuens  and 

.  fusion  of  tridiogyne  with  antheodinin.  (  X  190) 


After  Thuret 
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Fig.  686.  Nuclear  behavior  in 
antheridia,  trichogyne,  and  as- 
cogonium  of  Pyronema  con- 
fluens 


Formation  of  sexual  cells.  The  asco- 
carps  of  Pyronema  confluens  arise  from 
multinucleate  vegetative  hyphae  (Fig, 
684).  In  the  formation  of  an  ascocarp 
usually  a  single  hypha  grows  up  and 
forks  repeatedly.  It  is  at  first  a  uni¬ 
cellular  coenocyte,  but  later  becomes 
multicellular  by  the  formation  of  cross 
partitions.  The  tips  of  some  branches 
give  rise  to  modified  female  oogonia 
known  as  ascogonia,  and  the  tips  of 
others  to  antheridia.  Early  in  its  de¬ 
velopment  the  ascogonium  consists  of 
a  rounded  terminal  cell  below  which 
there  are  one  to  two  stalk  cells.  The 
ascogonium  sends  out  a  papilla,  or 
trichogyne,  which  develops  to  a  con¬ 
siderable  length  and, is  cut  off  from  the 
ascogonium  by  a  cross  wall.  An  an- 


the  trichogyne  growing 
from  the  archegonium  on  the 
right  is  in  contact  with  the 
antheridium  on  the  left.  B, 
the  trichogyne  and  antherid¬ 
ium  have  fused;  the  nuclei 
of  the  trichogyne  have  degen¬ 
erated,  while  those  of  the  an¬ 
theridium  are  migrating  into 
the  trichogyne.  C,  late  stage 
in  migration  of  nuclei  from 
antheridium  into  trichogyne. 
D,  wall  between  trichogyne 
and  ascogonium  has  disap¬ 
peared  so  that  there  is  open 
communication  from  the  an¬ 
theridium  to  the  ascogonium. 
Note  the  beginning  of  the  out¬ 
growth  of  ascogenous  hyphae 
on  the  right.  (After  Claussen 
and  Harper) 


theridium  grows  up  near  an  oogonium. 
The  tip  of  the  trichogyne  comes  in 
contact  with  the  tip  of  an  antheridium 
(Fig.  685). 

Protoplasmic  fusion  in  ascogonium. 
The  ascogonium,  trichogyne,  and  an¬ 
theridium  are  all  multinucleate.  Where 
the  tip  of  the  trichogyne  comes  in  con¬ 
tact  with  the  antheridium,  the  walls 
of  both  are  dissolved  so  that  there  is 
open  communication  between  anther¬ 
idium  and  trichogyne  (Figs.  685,  686). 
The  nuclei  of  the  trichogyne,  which 
have  remained  small,  degenerate ;  and 
the  nuclei  from  the  antheridium 
migrate  into  the  trichogyne.  This 


is  followed  by  the  disappearance  of 
the  wall  between  the  trichogyne  and  the  ascogonium,  after  which 
the  nuclei  which  came  from  the  antheridium  into  the  trichogyne 
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continue  their  migration  and  enter  the  ascogonitim.  When  this 
process  is  completed,  a  new  wall  is  formed  across  the  base  of 
the  trichogyne  so  that  the  ascogonium  and  trichogyne  are  again 
separated. 

The  nuclei  which  came  from  the  antheridium  through  the 
trichogyne  and  those  originally  in  the  ascogonium  become  asso¬ 
ciated  in  pairs,  each  pair  consisting  of  a  male  nucleus  from  the 
antheridium  and  a  female  nucleus  produced  in  the  ascogonium 
(Fig.  687). 

Ascogenous  hyphae.  After  the  pairing  of  the  nuclei  in  the  as¬ 
cogonium,  large  hyphae  grow  from  the  latter  and  into  these  the 


Fig.  687.  Development  of  ascogenous  hyphae  of  Pyronema  confiuens 

Left,  an  early  stage ;  note  the  nuclei  in  pairs.  Center,  a  late  stage.  Eight,  a 
still  later  stage ;  note  that  the  nuclei  are  still  paired.  (After  Claussen) 


paired  nuclei  migrate  (Fig.  687).  These  hyphae  are  called  ascoge¬ 
nous  hyphae,  and  it  is  they  that  give  rise  to  the  asci.  During  the 
growth  and  development  of  the  ascogenous  hyphae  the  nuclei 
remain  in  pairs.  Two  nuclei  associated  in  this  way  form  a  dicaryon. 
When  nuclear  division  occurs,  the  nuclei  of  a  dicaryon  divide 
simultaneously ;  thus  one  dicaryon  gives  rise  to  two  dicaryons. 
When  an  ascus  is  finally  formed  it  contains  a  dicaryon,  the  nuclei 
of  which  fuse  to  form  the  mother  nucleus  of  the  ascus  (Fig.  688). 
The  ascogenous  hyphae  are  a  very  interesting  phase  in  the  life 
history  of  the  Ascomycetes.  They  are  somewhat  similar  to  a  diploid 
sporoph3rfce.  However,  a  diploid  sporophyte  results  from  the  fusion. 
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of  two  nuclei ;  in  the  case  of  the  ascogenous  hyphae  there  is,  prior 
to  their  development,  no  actual  fusion  but  only  an  association  of 
nuclei  This  association  continues,  and  actual  fusion  is  delayed. 


Fig.  688.  Formation  of  ascus  from  tip  of  ascogenous  liypha 


A  the  tip  of  the  hypha  is  bent  over;  B,  the  two  nuclei  are  dividing  conju- 
gately ;  C,  three-cell  stage  of  ascogenous  hook  (note  uninucleate  ultimate  cell, 
binucleate  penultimate  cell,  and  uninucleate  antepenultimate  cell) ;  D,  the 
two  nuclei  in  the  antepenultimate  cell  have  fused  to  form  the  primary  nucleus 
of  an  ascus,  the  ultimate  and  antepenultimate  cells  have  fused,  and  the  nucleus 
from  the  antepenultimate  is  migrating  into  the  ultimate ;  E,  F,  further  stages 
in  the  development  of  the  ultimate  cell;  F,  a  further  stage  in  the  development 
of  the  ascus;  (r,  a  stage  similar  to  D  except  that  the  nucleus  from  the  ulti¬ 
mate  cell  has  migrated  into  the  antepenultimate  cell;  H,  further  development 
of  conditions  seen  in  G  (the  ascus  has  developed  further  while  the  antepenul¬ 
timate  cell  has  produced  a  hook);  /,  three  hooks  and  an  ascus  have  devel¬ 
oped  from  the  binucleate  tip  of  an  ascogenous  hypha.  (After  Claussen) 

until  just  before  the  spores  are  formed.  The  number  of  chromo¬ 
somes  is  reduced  in  the  division  of  the  ascus  nucleus  to  form  the 
nuclei  of  the  ascospores. 

Formation  of  asci  After  the  ascogenous  hyphae  are  formed  they 
continue  to  grow  upward  and  branch,  thus  forming  an  extensive 


Fig,  689.  Semidiagrammatic  section  of  ascocarp  of  Pyronema  confluens 

In  the  drawing  are  shown  two  old  ascogonia  from  which  ascogenous  hyphae 
have  grown.  Asci  in  various  stages  of  development  are  shown  at  the  ends  of 
the  ascogenous  hyphae.  Vegetative  hyphae  have  grown  up  among  the  as¬ 
cogenous  hyphae  and  have  given  rise  to  paraphyses  in  between  the  asci, 

(After  Harper) 


Fig.  690.  Diagrammatic  cross  section  of  ascocarp  of  Lacknea  scutellata 

Ascogenous  hyphae  are  shown  growing  from^  the  ascogonium  and  bearing  asci 
in  various  stages  of  development  at  their  tips.  Some  of  the  branches  of  the 
sterile  hyphae  form  an  outer  covering  for  the  ascocarp,  while  others  grow  up 
among  the  ascogenous  hyphae  and  form  paraphyses 
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branched  system.  At  the  tip  of  a  hypha  which  is  to  form  an  ascus 
there. is  a  dicaryon.  The  tip  curls  over  to  form  a  hook  (Fig.  688). 
The  two  nuclei  now  divide  simultaneously  to  form  four  nuclei.  WaEs 

come  in  between  the  sister  nuclei  so 
that  there  are  formed  a  uninucleate 
antepenultimate  cell,  a  binucleate 
penultimate  cell,  and  a  uninucleate 
ultimate  cell.  These  compose  the 
typical  hook  of  the  Ascomycetes.  The 
two  nuclei  of  the  binucleate  penul¬ 
timate  cell  are  not  sisters,  but  the 
result  of  the  continuation  of  the  si¬ 
multaneous  or  conjugate  division  of 
a  dicaryon  in  the  ascogenous  hypha. 

The  two  nuclei  in  the  penultimate 
cell  may  now  fuse  and  this  cell  be 
transformed  into  an  ascus,  or  fusion 
may  be  still  further  delayed  and  the 
penultimate  cell  grow  out  to  form 
another  hook.  In  the  meantime  the 
ultimate  and  antepenultimate  cells 
usually  fuse  and  a  nucleus  of  one  mi¬ 
grates  into  the  other.  The  binucleate 
cell  may  then  send  out  a  hypha  which 
becomes  a  hook.  In  this  way  there 
may  arise  a  considerably  branched 
system  of  fused  cells  and  hooks  which 
will  give  rise  to  quite  a  number  of  asci. 

Paraphyses.  While  the  develop¬ 
ment  described  above  has  been  going 
on,  vegetative  hyphae  have  grown  up 
among  the  ascogenous  hyphae  and 
given  rise  to  slender  paraphyses  among 
the  asci  (Fig.  689).  Appearances  indicate  that  the  vegetative  hy¬ 
phae  and  paraphyses  bring  up  food  material  which  is  absorbed 
from  the  paraphyses  by  the.developing  asci. 

Sexuality  in  Pyronema  confluens.  In  Pyronema  and  its  relatives 
we  see  a  tendency  toward  the  degeneration  of  the  sexual  reproduc- 


Fic.  691.  Ascogonium  and  an- 
theridinm  of  Ascobolus  mag- 
nificus 

The  antheridium,  which  is  par¬ 
tially  encircled  by  the  tricho- 
gyne,  is  nearly  empty.  The 
trichogyne  is  multicellular,  but 
the  partial  disappearance  of 
cross  walls  between  a  num¬ 
ber  of  the  cells  has  opened 
a  path  for  communication, 
through  which  the  nuclei  from 
the  antheridium  are  migrat¬ 
ing.  (X  625).  After  Gwynne- 
Vaughan  and  Williamson 
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tive  cells,  a  tendency  which  is  manifest  in  various 
Ascomycetes  and  is  continued  in  the  Basidiomycetes.  ^ 

for  Pyronema  confine 


Fig.  692.  Ascogonium  of  Ascobolus 
carbonarius 


have  a  functional  antherid- 
ium;  but,  depending  upon 
the  variety  or  conditions,  an 
antheridium  may  be  present 
and  fail  to  function  or  it  may 
be  altogether  absent.  Under 
such  conditions  the  ascoge- 
nous  hyphae  nevertheless  de¬ 
velop  from  the  ascogonium. 
The  fusion  of  oogonia  and 
antheridia  is  therefore  not 
absolutely  necessary  for  the 
formation  of  ascogenous  hyphae.  In  some  of  the  relatives  of 
Pyronema  an  antheridium  is  never  developed,  but  the  ascogenous 
hyphae  are  formed  from  the  ascogonium  (Fig. 

690).  In  still  other  forms  there  is  an  extreme 
condition  in  the  degeneration  of  sexual  cells 
where  ascogenous  hyphae  arise  directly  from 
vegetative  hyphae. 


Note  that  the  tip  of  the  multicellular 
trichogyne  is  xoiled  around  a  conidium. 
(x  300).  After  Dodge 


In  some  of  the  relatives  of  Pyronema  the  tricho¬ 
gyne  is  multicellular  (Fig.  691),  and  in  one  {Asco- 
bolus  carhonarius)  it  appears  to  fuse  with  a  conidium 
(Fig.  692). 

The  delay  in  nuclear  fusion  from  the  ascogonium 

to  the  asci,  and  the  accompanying  great  develop¬ 
ment  of  ascogenous  hyphae  which  produce  m^y 
asci,  have  resulted  in  a  very  much  larger  number 
of  nuclear  fusions  than  there  would  have  been  had 
the  sexual  nuclei  fused  in  the  ascogomum.  It  has 
been  suggested  that  the  greatly  increased  number 
of  nuclear  fusions  which  has  resulted  from  the  ex¬ 
tensive  development  of  ascogenous  hyphae  com- 
pensates  for  the  degenerations  of  the  primary  sexual  cells  themselves. 
^  Relatives  of  Pyronema.  The  ascocarp  of  Pyronema  m  known  as  an 
apothecium.  At  maturity  the  hymenium  of  an  ^ 

and  is  a  broad  continuous  layer,  instead  of  bemg  enclosed  as  m  a  penthe- 


Fig.  693.  Morel 
{MorcheUa) 

The  hymenium  cov¬ 
ers  the  upper  portion 
of  the  ascocarp.  (X  §) 
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cium.  The  order  Pezizales  includes  a  wide  variety  of  fleshy  forms  in  which 
the  ascocarp  is  an  apothecium.  These  fungi  are  frequently  called  cup 
fungi,  because  the  ascocarp  is  often  cup-shaped  (Fig.  680)  or  disk-shaped 
as  in  Pyronema.  The  ascocarp  may  be  with  or  without  a  stalk.  In  some 
'forms  the  fertile  portion,  instead  of  being  cup-shaped  or  disk-shaped,  may 
be  knob-shaped  or  club-shaped;  and  in  the  edible  morels  the  ascocarp 
is  club-shaped  with  the  fertile  portion  much  folded  or  indented  (Fig.  693). 

Origin  of  Ascomycetes.  In  the  case  of  the  Ascomycetes^  just  as 
in  cases  of  other  groups  of  fungi  which  we  have  considered,  there  is 
divergence  of  opinion  as  to  their  evolutionary  history.  Those  who 
believe  that  the  fungi  are  a  heterogeneous  group  derived  from 
various  classes  of  algae  are  inclined  to  the  belief  that  the  Ascomy- 
cetes  are  descended  from  the  red  algae.  Other  authorities  believe 
that  they  have  been  derived  from  the  Zygomycetes.  These  views  we 
will  discuss  later. 


Hemiascomy  cetes 

General  characteristics.  The  Hemiascomy  cetes  are  character¬ 
ized  by  a  very  simple  structure  and  the  lack  of  ascogenous  hyphae. 
Sexual  reproduction  is  due  to  the  conjugation  or  fusion  of  two  cells. 
In  some  cases  the  fusing  cells  are  alike ;  in  others  they  are  unlike, 
and  may  be  regarded  as  male  and  female,  as  the  nucleus  from  the 
smaller  cell  migrates  into  the  larger  (Fig.  694).  The  cell  formed  by 
the  fusion  may  become  an  ascus  (Fig.  694)  or  grow  out  to  produce 
an  ascus  (Fig.  695). 

Dipodascus,  Perhaps  the  most  primitive  of  all  known  Ascomycetes  is 
Dipodascus.  The  hyphae  of  Dipodascus  are  branched  and  composed  of 
multinuclear  cells.  The  sexual  reproductive  cells  are  formed  by  the  putting 
forth  of  tubes  by  two  neighboring  cells  (Fig.  695).  In  the  course  of  their 
development  one  becomes  larger  than  the  other.  This  acts  as  a  female  cell. 
In  both  the  male  and  the  female  ceil  there  are  fairly  numerous  nuclei,  but 
only  a  single  nucleus  of  the  male  cell  becomes  differentiated  as  the  male 
nucleus.  This  migrates  into  the  female  cell,  where  also  there  is  only  a  single 
nucleus  differentiated  as  a  sexual  nucleus.  The  two  sexual  nuclei  fuse, 
and  the  cell  grows  out  to  form  an  elongated  ascus.  The  fusion  nucleus 
divides  to  form  numerous  nuclei,  each  of  which  becomes  the  nucleus  of  an 
ascospore. 

Similarities  between  Ascomycetes  and  Zygomycetes^  There  are 
numerous  striking  points  of  similarity  between  the  higher  Zygomy^ 
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ceies  and  the  simpler  Ascomycetes.  Many  of  the  simpler  Ascomy- 
cetes  are  characterized  by  an  abundant  production  of  conidia,  and 
both  the  conidia  and  conidiophores  are  very  similar  to  those  of  the 
higher  Zygomycetes. 

Sexual  reproduction  in  the  higher  Zygomycetes  is  also  very 
similar  to  that  of  some  of  the  Hemiascomy cetes.  In  both  cases  we 


Fig.  694.  Endomyces  magnusii,  one  of  the  Hemiascomycetes 

A,  a  hypha ;  B,  early  stage  in  development  of  sexual  cells;  C,  male  and  female 
cells  ready  for  fusion ;  D,  cells  have  fused ;  E,  male  and  female  nuclei  have 
fused;  F,  ascus  with  four  spores  formed  from  fertilized  female  cell.  (After 

Guilliermond) 

note  the  fusion  of  unequal  cells  in  each  of  which  there  is  a  single 

functional  sexual  nucleus  (compare  Fig.  676  and  Fig.  694).  In 
Dipodascus  the  female  cell  grows  Out  to  form  an  ascus  (Fig.  695) ; 
in  some  of  the  higher  Zygomycetes  it  may  grow  out  to  form  a  thick- 
walled  spore  (Fig.  676).  Such  facts  as  the  above  have  been  in¬ 
terpreted  as  showing  that  the  Ascomy cetes  represent  a  further 
development  of  evolutionary  tendencies  found  in  the  Zygomycetes. 

There  is  a  good  deal  of  similarity  in  the  general  character  of  the  mycelia 
of  the  two  groups.  In  the  more  primitive  Zygomycetes  a  plant  is  a  large 
single-celled  coenocyte,  but  in  some  of  the  more  advanced  forms  there 
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is  a  tendency  towards  the  development  of  septation.  In  the  Ascomycetes 
the  hyphae  are  septate,  but  multinucleate  cells  are  very  characteristic  of' 
the  group.  The  development  of  septation  in  the  hyphae  of  the  Ascomy^ 
cetes  may  be  similar  to  the  derivation  of  the  Siphonodadiales  from  the 
Siphonales  by  increased  septation. 

In  the  Zygomycetes  we  noted  a  change  from  many-spored  sporan'gia  to 
sporangioles,  and  then  to  conidia. 


A-Cj  fusion  of  large  and  small  cells;  D,  habit  of  plant  and  formation  of 
ascus;  ascus  with  spores;  F,  escape  of  spores.  (After  Lagerheim) 

The  fusion  of  male  and  female  gametangia  in  the  Ascomycetes  has  been 
interpreted  as  a  continuation  of  a  development  of  heterogamy  initiated  in 
the  Zygomycetes  (Fig.  676). 

In  some  of  the  higher  Zygomycetes  nuclear  fusion  does  not  follow  im¬ 
mediately  after  the  fusion  of  the  larger  and  smaller  cells,  but  takes  place 
in  an  outgrowth  from  the  larger  cell  (Fig.  676).  This  has  been  interpreted 
as  a  tendency  toward  a  delay  in  nuclear  fusion,  a  continuation  of  which  has 
resulted  in  the  development  of  ascogenous  hyphae,  conjugate  division, 
and  a  delay  of  nuclear  fusion  until  the  ascus. 
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Yeasts  are  microscopic  plants  belonging  to  the  genus  Saccharch 
myces  and  related  genera^  and  are  included  in  the  Hemiascomycetes. 

They  are  essentially  unicel- 
M  Mar  and  uninucleate  plants, 

(w%  chains  or  ir- 

regular  groups  of  cells  (Fig. 
696).  They  are  particularly 
interesting  on  account  of 
i-y  method  of  obtaining 

Y  energy  and  also  because  of 

their  great  economic  impor- 
^  tance.  Yeast  plants  obtain 

energy  by  converting  sugar 
^  yi®?5K  alcohol  and  carbon  di- 

W  W  oxide,  a  process  which  is 

Tn  xr  /D  7  ^  1  known  as  alcoholic  fermenta- 

Fig.  696.  Yeast  {baccharomycesj  ^  sho-w-  rrn..  .  xt  i 

ing  single  cell,  budding  cells,  and  the  tiion.  i  illS  process  IS  the  basis 

formation  of  ascospores  in  cells.  ( X  960)  of  the  commercial  manufac¬ 
ture  of  ethyl  or  grain  alco¬ 
hol  and  of  alcoholic  drinks.  Yeast  is  also  used  in  raising  bread 
and  for  this  purpose  is  sold  in  the 
form  of  yeast  cakes.  The  fungus 
causes  the  sugar  in  the  bread  to 
be  converted  into  alcohol  and  CS!5 

carbon  dioxide,  and  it  is  the  pro¬ 
duction  of  the  carbon  dioxide  that  Sckizosacchuromyces 

is  responsible  for  the  formation  of  octosporus 

holes  in  the  bread.  line  shows  fusion  of  two 

„  „  .  cells:  in  the  last  figure  the  two 

Reproduction.  A  very  common  fusing.  Lower  line 

and  easily  obtained  yeast  is  the  shows  the  development  of  ascus : 

beer  yeast,  Saccharomyces  cere-  ^  fusion  nucleus  first 

.  .  ,,,,  , ,  ,  ^  .  .  .  divides  to  eight,  and  the  eight  as- 

visicie.  When  the  plant  is  not  in  oospores  are  cut  out.  (After 

active  growth  it  consists  of  single  Guilliermond) 

cells.  Asexual  reproduction  is  by 

budding.  In  this  process  a  protuberance  grows  from  the  parent 
cells  and  is  constricted  off,  thus  forming  a  new  individual  A 


Fig.  696.  Yeast  (Saccharomyces) ,  show¬ 
ing  single  cell,  budding  cells,  and  the 
formation  of  ascospores  in  cells.  (  X  960) 


Fig.  697.  ScMzosaccharomyces 
octosporus 

Upper  line  shows  fusion  of  two 
cells;  in  the  last  figure  the  two 
nuclei  are  fusing.  Lower  line 
shows  the  development  of  ascus: 
the  single  fusion  nucleus  first 
divides  to  eight,  and  the  eight  as- 
Gospores  are  cut  out.  (After 
Guilliermond) 
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daughter  cell  may  begin  to  bud  before  it  has  been  constricted  from 
the  parent  cell,  and  in  this  way  chains  or  irregular  masses  of  cells 
may  be  formed  (Fig.  696). 

Under  certain  conditions  the  contents  of  the  cell  may  divide 
to  form  four  spores.  The  whole  cell  is  then  interpreted  as  an  ascus 
and  the  spores  as  ascospores  (Fig.  696).  Connecting  links  between 
this  type  of  ascus-formation  and  that  found  in  the  previously  dis¬ 
cussed  forms  of  Hemiascomycetes  are  afforded  by  species  of  yeast 
in  which  there  is  sexuality.  In  these,  two  cells  fuse  and  the  fusion 
product  becomes  an  ascus  with  ascospores  (Fig.  697).  We  thus 
find  in  yeast  a  tendency  toward  the  degeneration  of  the  sexual 
process,  analogous  to  a  similar  tendency  noted  in  Pyronema  and  its 
relatives. 


Aspergillus  and  Penicillium 


General  characteristics.  The  genera  Aspergillus  and  Penicilli- 
um  are  among  the  simplest  of  the  true  Ascomycetes.  In  them  repro¬ 
duction  by  conidia  borne  on  conidiophores  is  much  more  abundant 


Fic.  698,  Green  and  yellow 
molds 


the  green  mold  (Penicil- 
Hum) ;  B,  the  yellow  mold 
(Aspergillus) 


Fig.  699.  AspergUlm  herbariorum 

Left;  section  of  perithecium.  In  the  perithe- 
cium  are  seen  sections  of  the  asci  irregiiiariy 
arranged.  Upper  jight,  a  single  ascus.  By 
comparing  this  with  the  left  figure,  the  asci 
can  foe  located.  Lower  right,  sexual  filaments, 
(After  Fraser  and  Chambers) 


than  reproduction  by  ascospores.  In  Aspergillus  the  conidio- 
phore  has  a  rounded  tip  from  which  radiate  filaments  that  produce 
rows  of  spores.  There  are  very  common  species  which  have  green. 
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black,  or  yellow  conidia  and  are  known  as  green,  black,  or  yellow 
molds.  The  growth  of  these  molds  is  very  much  shorter  and  more 
compact  than  that  of  Rhizopus  nigricans.  The  conidia  of  Penicih 
Hum  are  borne  in  chains  at  the  end  of  branched  conidiophores, 
Penicillium  is  usually  some  shade  of  green,  and,  like  Aspergillus,  is 
very  common.  One  or  the  other  of  these  genera  is  very  frequently 
found  as  a  coating  on  a  great  variety  of  organic  substance's,  includ- 
ing  bread,  cheese,  rotting  fruits,  jams,  preserves,  and  leather. 

The  particular  characteristics  which  appear  in  Roquefort  and 
Camembert  cheeses  are 
due  to  the  growth  of 
Penicillium  roqueforti  and 
Penicillium  camemherti 
respectively.  Penicillium 
roqueforti  can  be  readily 
distinguished  in  Roque¬ 
fort  cheese  by  its  green 
color,  while  Penicillium 
camemherti  is  seen  as  a 
whitish  covering  around 
a  Camembert  cheese. 

The  soft  consistency  of 
Camembert  cheese  is  due 
to  enzymes  secreted  by 
the  mold. 

The  ascocarp  of  Aspergillus  and  Penicillium  consists  of  a  small 
and  simple  perithecium  which  is  without  an  opening  and  in  which 
the-asci  are  irregularly  distributed  (Fig.  699).  The  formation  of 
the  ascocarp  is  initiated  by  two  simple  similar  filaments  which  coil 
around  each  other  and  appear  to  fuse  (Fig.  699). 


Fig.  700.  Erysiphe  pannosa 
Conidiophores  producing  conidia  on  the  sur» 

fart  A  nf  f  Aff.Ar 


Powdery  Mildews 

The  powdery  mildews  are  parasites  on  the  leaves  of  higher 
plants.  The  mycelium  grows  on  the  surface  of  the  leaf  and  sends 
out  haustorial  branches  which  penetrate  the  cells  of  the  leaf  and 
absorb  nutrition  material.  Early  in  the  season  they  produce 
conidia  borne  on  conidiophores  (Fig.  700).  These  are  often  so 


J'lG.  701,  Peritliecia  of  Erysiphe,  one  of  which  is  shown  in  section 


After  Tulasne 


Fig.  702.  Appendages  from  the  peri- 
thecia  of  various  species  of  powdery 
mildews 


Fig.  703.  Ascogoninm  and  antheridinm 
of  Sphaerotheca  castagnei^  one  of  the 
powdery  mildlews 


After  Salmon  and  Tulasne  A,  the  ascogoniiim  is  to  the  right;  B, 

the  ascogonium  is  to  the  left ;  C,  the 
antheridium  mother  ceil  is  binucleate; 
D,  the  antheridium  is  cut  off;  E,  the 
antheridium  nucleus  has  migrated  into 
the  ascogonium.  (After  Harper) 


Fig.  705.  Daldinia 

Ascocarps  growing  on  a  dead  branch  (xi);  below,  section  through  an  ascocarp 
showing  numerous  perithecia  in  the  outer  layer  (X  1) 
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abundant  as  to  give  the  leaf  the  appearance  of  being  dusted  with 
powder.  This  leads  to  the  name  "powdery  mildews.” 

Ascocarps  are  usually  formed  later  in  the  season  than  the  co- 
nidia.  The  ascocarp  is  a  single  perithecium  without  an  opening 


Fic.  706.  Cordyceps  militaris  on 

a  dead  caterpillar 

After  Tulasne 


Fig.  707.  Parasitic  ascomycetes 
Left,  Usiihginoidea  virens,  an  ascomycete 

parasitic  on  rice  (Or?/2:asa^M;a)(x  |);  right, 

ergot  (Claviceps  purpurea)^  an  ascomycete 
parasitic  on  rye  (x  |).  In  both  cases  the 
black  bodies  are  produced  by  the  fungus 


(Fig.  701).  Within  the  perithecium  there  is  a  single  asciis^  or  a  few 

asm  arranged  in  a  compact  group  and  not  scattered  irregularly  as  in 
Penicillium  and  Aspergillus.  Some  of  the  cells  of  the  covering  of 
the  ascocarp  grow  out  and  form  long  characteristic  appendages 
(Figs.  701,  702).  These  appendages  are  one  of  the  most  convenient 
features  for  distinguishing  different  species. 


xK  ceUs  are  uninucleate,  as  are  also  the  ascogonk  and  an- 

tJiendJLa.  The  ascogonium  is  a  somewhat  oval  cefl,  while  the  antheridium 
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is  a  small  cell  cut  of!  from  the  end  of  a  branch  (Fig.  703).  Where  the 
antheridia  and  ascogonia  come  in  contact,  an  opening  is  formed  between 
the  two  by  the  dissolving  of  the  cell  walls  and  the  nucleus  from  the  anther- 
idium  migrates  into  the  ascogonium.  An  ascogenous  hypha  is  produced 
by  the  ascogonium,  and  this  gives  rise  to  the  asci.  While  in  some  of  the 
powdery  mildews  there  is  a  functional  antheridium,  in  others  the  anther- 
idium  appears  not  to  function,  and  so  there  would  seem  to  be  an  indica¬ 
tion  of  the  degeneration  of  the  sexual  cells  such  as  was  noted  in  other 
groups  of  Ascomycetes. 

ASCOMYCETES  WITH  OPEN  PEMTHECIA  (BLACK  FUNGI) 

Among  the  Ascomycetes  there  are  a  tremendous  number  which 
have  perithecia  with  a  definite  opening  through  which  ascospores 
are  discharged.  All  these  are  sometimes  placed  in  a  single  group^ 


Fig.  708.  Claviceps  purpurea 

Left,  section  of  conidial  stage  before 
the  formation  of  the  horny  sclero- 
tium.  (After  Tulasne.)  Right,  for¬ 
mation  of  conidia  in  a  culture. 
(After  Brefeld  from  Tavel) 


Fig,  709.  Claviceps  purpurea 

Upper  left,  perithecial  heads  grow¬ 
ing  from  sclerotium;  center,  peri¬ 
thecial  head ;  right,  section  of 
perithecial  head  showing  numer¬ 
ous  perithecia;  lower  left,  section 
of  a  perithecium  showing  asci ; 
lower  right,  asci  and  ascospores. 
(After  Tulasne) 


the  PyrenomyceteSj  sometimes  called  black  fungi because  sev¬ 
eral  species  of  them  produce  black  or  blackish  masses.  In  some 
cases  the  ascocarp  consists  of  a  single  perithecium,  while  in  others 
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Fig.  710.  Truffle  (Tuber  bru- 
male),  an  edible  fungus  in 
which  the  ascospores  are  en¬ 
closed  in  a  sterile  covering. 

(X|) 


it  may  contain  very  numerous  perithecia.  One  o,f  the  most  con¬ 
spicuous  of  this  group  is  Xylaria,  which  is  very  common  on  rotten 

wood  (Fig.  704).  It  forms  long  clul^ 
shaped  or  branched  ascocarps,  in  the 
surface  of  which  are  embedded  very 
numerous  perithecia. 

Claviceps  purpurea.  Claviceps  purpurea 
is  known  as  ergot.  It  is  very  interesting  not 
only  because  it  is  parasitic  on  various  grasses 
particularly  on  rye,  but  also  because  it  fur¬ 
nishes  an  important  medicine  (Pig.  707).  The 
ascospores  infect  the  ovaries  of  the  host  plant 
and  form  a  mass  of  hyphae  which  produce 
conidia  (Fig.  708).  Later  the  production  of 
conidia  ceases,  and  the  hyphae  produce  an 
elongated  hard  structure  known  as  a  sclero- 
tium  (Figs.  707,  709).  It  is  this  sclerotium 
that  is  used  in  medicine.  The  sclerotium 
persists  throughout  the  winter.  In  spring 
when  sufficient  moisture  is  present,  it  begins 
to  grow  by  sending  out  columns  of  hyphae 
at  the  ends  of  which  perithecial  heads  are 
formed.  Many  perithecia  are  developed  in 
the  periphery  of  the  head,  and  each  contains 
numerous  ascospores  (Fig.  709). 

Truffles 

The  truffles  are  a  genus  of  tuberous 
Ascomycetes  which  are  developed  under¬ 
ground,  and  in  which  the  asci  are  devel¬ 
oped  within  the  ascocarp  (Figs.  710, 
711).  Several  of  the  species  are  highly 
valued  as  articles  of  food.  In  France 
the  gathering  of  truffles  is  an  important 
industry,  and  large  areas  have  been 
reforested  with  trees  around  the  roots 
of  which  truffles  grow.  The  export  of 
truffles  from  France  before  the  World  War  amounted  to  as  much 
as  fifteen  million  dollars  a  year. 


Fig,  711.  Truffle  (Tuber 
rufum) 

Above,  section  of  the  trulffle 
(x  S)  ,*  below,  section  of  small 
portion  showing  asci  (x  250). 
After  Tulasne  from  Tavel 


Fungi  (Phycophyta) 
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Laboulbeniales 

This  is  a  small  group  of  minute  Ascomycetes  none  of  which  are  more 
than  a  millimeter  in  length.  They  grow  attached  to  living  insects.  A  few 
of  them  send  haiistoria  into  the  insect,  but  most  of  them  do  not.  Fig.  712 
shows  a  typical  plant  with  a  female  branch  to  the  left  and  a  male  branch 
to  the  right.  On  the  male  branch  are  seen  a  number  of  antheridia,  from 
three  of  which  naked  non-mo  tile  male  cells  are  escaping.  In  the  center  of 
the  female  branch  is  seen  an  ascogonial  cell,  above  which  is  another  large 
cell,  and  above  this  a  trichogyne  w’hich  projects 
as  a  long  slender  protuberance  at  the  tip  of  the 
branch.  Male  cells  from  the  antheridium  come 
in  contact  with  the  trichog^me  and  cling  to  it. 

It  has  been  presumed  that  a  nucleus  from  a  male 
cell  migrates  dowm  through  the  trichogyne  and  in¬ 
termediate  cell  into  the  ascogonium  cell,  although 
such  a  migration  has  not  been  demonstrated.  In 
some  species  no  male  cells  are  produced.  The  asco¬ 
gonial  cell  sends  out  branches  which  produce  asci. 


Relationship  of  Ascomycetes 

The  chief  interest  in  the  Laboulbeniales'  lies  in 
the  likeness  which  many  have  seen  in  them  to 
the  red  algae.  The  perithecium  of  the  Laboulbc” 
niales  has  been  considered  as  similar  to  the  cys- 
tocarp  of  the  red  algae.  Other  points  of  similarity 
are  seen  in  the  trichogynes  and  in  the  non-motile 
male  cells  which  are  formed  in  antheridia  and  are 
caught  on  the  trichogynes.  If,  as  has  been  pre¬ 
sumed,  there  is  a  migration  of  a  nucleus  from  the 
male  cell  through  the  trichogyne  to  the  carpogonial  cell,  this  is  still  another 
point  of  similarity.  The  method  by  which  tlie  branches  which  give  rise  to 
the  asci  are  formed  from  the  ascogonium  also  shows  certain  points  of  re¬ 
semblance  to  the  formation  of  branches  which  produce  carpospores  in  the 
red  algae.  Owing  to  all  the  above  similarities,  it  has  been  believed  by  many 
botanists  that  the  Ascomycetes  are  descended  from  the  red  algae  through 
forms  having  many  points  in  common  with  the  Laboulbeniales, 

The  above  view  is  diametrically  opposed  to  that  which  holds  that  the 
Ascomycetes  are  descended  from  the  Zygomycetes.  Adherents  of  the  latter 
view  claim  that  while  superficially  there  is  considerable  resemblance  be¬ 
tween  the  reproduction  of  the  red  algae  and  that  of  the  Laboulbeniales, 
the  details  are  very  different,  and  that  the  Laboulbeniales  are  much  closer 


Fig.  712.  Stigmatomy- 
ces  baerii,  one  of  the 

Laboulbeniales 

Left,  a  plant  with 
female  branch  to  the 
left  and  male  branch 
to  the  right;  right,  a 
perithecium  in  which 
asci  are  developing. 

(After  Thaxter) 
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to  the  Ascomycetes  than  to  red  algae.  It  is  pointed  out  that  the  method  of 
ascospore  formation  is  entirely  difierent  from  anythmg  kno’svn  m  t  e  red 


i 


Fig.  714.  A  pore  fungus  (Fomes 
pachyphloeus)  on  a  tree  trunk. 

(xA) 


Fig.  715.  Side  view  and  section  of  a 
pore  fungus  (Fames  pachyphlaeus) 

The  layers  in  the  lower  drawing  show 
pores  formed  during  successive  sea¬ 
sons.  (x  I) 


algae.  The  male  cells  are  regarded  as  modified  conidia ;  and  the  fertihza- 
tion  by  means  of  conidia  is  explained  as  being  connected  with  tue  de- 

generation  of  sexual  cells^  conidia  having  taken  the  place  of  the  anthenaia. 


Fungi  {Phycophyta) 

In  one  of  the  Ascomycetes  related  to  Pyronema  (Ascobolus^  carbonarii^ 
there  is  evidence  for  the  fertilization  of  ascogonia  by  conidm,  anci  in  tne 
hchens  by  conidiumhke  spermatia  (Fig.  777).  In  these,  as  m  the  LabouL- 
beniaUs,  nuclear  migration  into  the  ascogonium  has  not  been  demonstratea. 

In  building  up  the  theories  of  evolution  within  the  Ascomycetes  there  is 
a  great  similarity  in  the  forms  and  structures  used,  and  much  the  same 
series  results,  except  that  the  series  is  read  in  opposite  directions. 

The  theory  that  the  Ascomycetes  are  descended  from  the  Zygomycetes 
has  been  discussed  previously.  According  to  this  theory  the  sexual  fusion 


Fig.  716.  Conidia  of  some  Basidiomycetes 


A,  B,  Coriicium  alvtaceum;  C,  D,  E,  Pomes  annosm; 

(After  Lyman  and  Breield) 


F,  Coriicium  effuscaium. 


in  the  Heriiiascomycetes  is  derived  from  that  in  the  higher  ^f  omycet^’ 
while  the  typical  ascogonia  and  antheridia  of  the  Ascomycetes  are  the 
development  of  the  sexual  cells  of  the  Hemiascomycetes.  The  degeneration 
of  sexual  cells,  so  commonly  observed  in  the  Ascomycetes,  and  particul  y 
of  tie  .ntheridia,  leads  t. 

tor  an  antheridium,  as  seen  in  Aiabtlju  car^n^  ™  Sieh 

modified  into  the  conidiumlike  spermatia  m  the  lichens,  ^ 

form  as  these  is  further  modified  into  the  male  cell  of 

According  to  the  theory  that  the  Ascomycetes  are  derived  from  the  red 
algae  ftSoiiaZe®  are  primitive  forms,  in  which  the  carpogomum 
a^d  trichogyne  of  the  red  algae  have  become  changed  into  the  ascogonium 
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In  one  of  the  Ascomycetes  related  to  Pyronema  {Ascoholus  carborKiTiu^ 
there  is  evidence  for  the  fertilization  of  ascogonia  by  conidia,  and  m  e 
lichens  by  conidiumlike  spermatia  (Fig.  777).  In  these,  as  in  the  Laoou- 
heniales,  nuclear  migration  into  the  ascogonium  has  not  been  demonstrate  ^ . 

In  building  up  the  theories  of  evolution  within  the  Ascomycetes  there  is 
a  great  similarity  in  the  forms  and  structures  used,  and  much  the  same 
series  results,  except  that  the  series  is  read  in  opposite  directions. 

The  theory  that  the  Ascomycetes  are  descended  from  the  Zygomycetes 
has  been  discussed  previously.  According  to  this  theory  the  sexual  fusion 


Fig.  716.  Conidia  of  some  Basidiomycetes 

Ay  By  Corticium  alutaceum;  C,  D,  Ey  Fames  annosus;  F ,  Corticium  effuscatum. 
(After  Lyman  and  Brefeld) 

in  the  Herhiascomycetes  is  derived  from  that  in  the  higher  Zygomycete^i 
while  the  typical  ascogonia  and  antheridia  of  the  Ascomycetes  ® 

development  of  the  sexual  cells  of  the  Hemiascomycetes.  The  degenera  ion 
of  sexual  cells,  so  commonly  observed  in  the  Ascomycetes and  particmar  y 
the  degeneration  of  the  antheridia,  leads  to  the  substitution  of  a  com  lum 
for  an  antheridium,  as  seen  in  Ascoholus  carhonarius.  The  com  lum  b 
modified  into  the  conidiumlike  spermatia  in  the  lichens,  while  sonae  sue 
form  as  these  is  further  modified  into  the  male  cell  of  the  Laboulh&ma  es. 
According  to  the  theory  that  the  Ascomycetes  are  derived  from  o  re 
algae,  the  Lahoulheniales  are  primitive  forms,  in  which  the  carpogonium 
and  trichogyne  of  the  red  algae  have  become  changed  into  the  ascogoniu 


and  trichogyne  of  the  Ascomycetes.  The  male  cells  of  the  Laboulbeniales 
are  derived  from  those  of  the  red  algae.  In  the  ascomycetous  lichens,  re¬ 
garded  as  another  primitive  group,  they  appear  as  conidiumlike  spermatia. 
In  Ascoholus  coxbondrius  they  have  been  replaced  by  conidia.  In  typical 
Ascomycetes  some  such  structure  develops  into  the  typical  antheridium  of 
the  Ascomycetes.  The  HemiascoTfiycetes^  according  to  this  theory,  are  de¬ 
generate  forms. 

CLASS  BASIDIOMYCETES 


General  characteristics.  The  distinguishing  characteristic  of 
the  Basidiomycetes  is  the  basidium,  just  as  the  ascus  is  of  the 
Ascomycetes.  The  basidium  is  typically  a  club- 
§  shaped  structure  which  bears  four  spores  (Fig. 

4  713).  The  Basidiomycetes  include  very  many 

I  and  very  varied  forms.  Among  them  are  the 

largest  and  most  conspicuous  of  all  fungi.  They 
are  very  familiar  as  mushrooms  and  bracket 
J  fungi  (Figs.  714,  715).  The  Basidiomycetes  have 

I  become  thoroughly  adapted  to  aerial  conditions, 


and  offer  a  striking  contrast  to  the  Oomycetes  in 
that  none  of  them  live  in  water.  The  Basiddomy- 


cetes  are  similar  to 


the  Ascomycetes  in  having 


septate  hyphae. 

For  convenience  the  Basidiomycetes  may  be 
divided  into  two  large  groups,  the  Eubasidiomij- 
cetes  and  the  Heterobasidiomy cetes.  In  the  Eubasid- 
iomycetes  the  basidium  is  a  non-septate  swollen 
end  of  a  hypha,  from  which  project  slender  fila¬ 
ments  known  as  sterigmata,  usually  four  in 
number,  each  of  which  terminates  in  a  single 


Fig.  717.  Oidia 
formed  from  hy- 
phae  of  Collybia 
conigena 

After  Kniep 


basidiospore  (Fig.  713). 

In  addition  to  basidiosporea,  the  Basidiomy¬ 
cetes  may  have  conidia  similar  to  those  of  the 
Ascomycetes  (Fig.  716).  However,  conidia  are 
much  less  important  in  the  Basidiomycetes  than 


in  the  Ascomycetes,  and  in  the  higher  Basidiomycetes  they  play 
a  very  unimportant  role.  To  a  considerable  extent  their  place  is 
taken  by  oidia,  which  are  cells  formed  by  the  breaking  up  of 


hyphae  (Fig.  717).  The  Basidiomycetes  also  reproduce  by  sprout 
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cells.  These  are  formed  as  buds,  and  are  constricted  off  in  the 
same  way  as  are  bud  cells  of  yeast. 

The  Eubasidiornycetes  can  '  conveniently  be  again  subdivided 
into  two  large  groups,  the  Hymenomyceies  and  the  Gasteromycetes, 


Hymenomycetes 

General  characteristics.  The  Hymenomycetes  are  characterized 
by  having  the  basidia  borne  in  a  layer,  called  a  hymenium,  which  is 
usually  compact,  and  which,  when  the  fruit  body  is  mature,  forms 
an  exposed  layer  (Fig.  713). 

Forms  of  Hymenomycetes.  There  are  a  great  variety  of  forms 
among  the  Hymenomycetes.  The  simplest  fruit  bodies  consist  of  a 


Fig.  718.  Maltrudwtia  varians  719^  Corticium 

Left,  habit;  center,  conidia;  right,  basidia.  on  a  dead  branch. 
(After  Boulanger)  (  X  -1) 


loose  cobweblike  structure  which  may  either  form  a  thin  coating 
over  the  substratum  or  take  other  forms  (Fig.  718).  In  the  early 
stages  of  such  fruit  bodies  there  may  be  an  extensive  production  of 
conidia,  followed  later  by  basidia  with  ba^idiospores. 

The  forms  with  compact  fructifications  which  are  regarded  as 
most  primitive  are  those  that  form  smooth  coatings  on  the  sub- 
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stratum  (Fig.  719)  and  those  (Clavariaceae)  in  which  the  fruit  body 
has  club-shaped  branches  covered  by  the  hymenium  (Fig.  720). 

Basidiospores  do  not  fall 
from  the  sterigmata,  but  are 
shot  out  a  short  distance  by 
the  turgor  of  the  basidium. 
With  few  exceptions  the  hy¬ 
menium  of  the  Hymenomy- 
cetes  is  on  the  lower  surface. 
Various  factors,  such  as  pro¬ 
tection  from  dust,  from  rain, 
or  from  drying,  may  be  influ¬ 
ential  in  this.  It  would  ap¬ 
pear,  however,  that  the  pro¬ 
duction  of  spores -on  the  lower 
surface  of  the  fruit  body  is 
also  connected  with  the  small 
distance  to  which  the  spores 
are  shot  when  they  are  dis¬ 
charged  from  the  basidium.  This  distance  in  most  cases  would  not 
be  great  enough  for  them  to  clear  the  fruit  body  if  the  hymenium 
were  on  the  upper  surface. 

The  great  majority  of  the 
Hymenomycetes  have  fruit  bod¬ 
ies  of  three  general  types,  re- 
supinate  (Fig.  719),  bracket 
(Figs.  714,  715),  and  stipitate 
(Fig.  721) .  The  resupinate  type 
forms  a  coating  which  adheres 
closely  to  the  substratum,  such 
as  the  under  surface  of  a  decay¬ 
ing  log  or  branch.  Such  forms 
are,  in  general,  the  simplest  and 
most  primitive.  The  resupinate 
forms  grade'  into  others,  the 
edges  of  which  project  from  the  substratum.  These,  in  turn, 
grade  into  bracket  forms.  The  most  highly  developed  types  are 
the  stipitate.  These  have  ^  stalk  or  stipe.  In  general  the  simplest 


Fig.  721.  A  tooth  fimgvs  (Mydnum) 


Fig.  720.  Clavaria 

A  basidiomycete  in  which  the  hymenium 
covers  the  coraHike  branches,  (x  §) 
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of  the  stipitate  forms  are  those  with  lateral  stipes^  and  the  more 
advanced  those  with  central  stipes. 

Ail  of  these  three  types,  resupinate,  bracket,  and  stipitate,  in¬ 
clude  forms  in  which  the  hymenium  is  a  smooth,  continuous,  ex¬ 
panded  layer  (Thelephoraceaej 
Figs.  719,  722) ;  forms  in  which 
it  covers  teeth  or  toothlike  plates 
{Hydnaceae,  Figs.  721,  723,  724)  ; 
and  forms  in  which  it  lines  the 
inside  of  pores  {Polyporaceae, 
Figs.  714,  715,  725 ;  and  Boleta- 
ceae,  Fig.  726). 

Forms  with  spines  and  pores 
probably  developed  from  forms 
with  smooth  surfaces.  Between 
the  typical  smooth  surface  of  the 
smooth  forms  and  the  deep  pores 
of  the  Polyporales  we  find  inter¬ 
mediate  forms  with  folded  surfaces  and  others  with  shallow  pores. 

The  most  advanced  of  the  Hymenomycetes  are  the  Agaricaceae, 
or  gill  fungi  (Fig.  727).  In  these  the  hymenium  covers  radiating 
hanging  plates  or  gills.  The  two  most  important  families  of  the 
Hymenomycetes  are  the  Poly- 
poraceae  and  the  Agaricaceae. 

Primary  hyphae.  The  ba- 
sidiospores  of  the  Hymenomy¬ 
cetes  usually  germinate  to  pro¬ 
duce  either  a  mycelium  with 
uninucleate  cells  or  one  in 
which  the  cells  are  at  first  mul- 
tinucleate  but  become  uninu¬ 
cleate  by  septation.  These 
hyphae  are  known  as  the  first, 
or  primary,  hyphae.  It  is  the  uninucleate  mycelium  that  usually 
gives  rise  to  such  reproductive  structures  as  oidia  (Fig.  717) 
or  conidia,  if  these  are  present.  Neither  these  uninucleate  hy¬ 
phae  nor  any  other  type  of  hyphae  are  known  to  produce  special 
sexua,!  cells. 


Fig.  723.  A  re'supinate  form  ofHydnum, 
a  tooth  fungus  growing  on  a  dead 
branch.  (  X  1) 


Fig.  722.  Bracket  and  stipitate  Ba- 
sidiomycetes  with  smooth  hymenium 

Left,  Stereum  lohatum  (x  J) ;  right, 
Stereum  affine  (X  li) 


Secondary  hyphae.  In  the  Hymcrwmyccic^,  in  spite  of  the  fact 
that  there  are  no  sexual  organs,  the  unimicletit  e  hyphae  are  usually 
sexually  differentiated.  There  are  two  strains  which  correspond  to 


Fig.  724.  A  bracket  form  of  Ilydnum.  {  X  J) 


the  +  and  —  strains  of  the  molds,  and  unlt's.s  then'  is  a  union  of  these 
two  strains  no  fruit  bodies  are  formt'd.  Wlnm  a  etd!  from  a  +  and  one 
from  a  —  hypha  meet,  two  colls  unite  aiul  t  he  nuclei  form  a  tliearyon 


Fic.  725.  Poria,  a  resnpinate  poro 
fungus.  (  X  3) 


of  a  hinucleiite  cell  (Fig.  728). 
Thi.s  gives  ri.s(t  to  &  mycelium 
with  binucleate  cells.  I'he  nuclei 
composing  a  dicarjam  divitle  to¬ 
gether  by  conjugatedivision  (Fig. 
729).  There  are  various  compli¬ 
cations,  but  it  seems  to  be  typi¬ 
cal  for  both  nuclear  and  cell  di¬ 
visions  to  take  place  in  much  the 
fjame  way  as  in  the  later  or  hook 
stages  of  the  ascogenous  hyphae. 


625 


Fungi  (Phycophyta) 


This  typical  process  is  as  follows  (Fig.  729) :  Before  the  nuclei 
begin  to  divide,  a  hooklike  projection  known  as  a  clamp  grows  out 
from  the  hypha  between  the  two  nu¬ 
clei  and  curves  toward  the  base  of  the 
cell.  The  nuclei  migrate  so  that  one 
is  partly  within  the  projection  and 
the  other  near  its  base.  In  dividing, 
the'  nucleus  which  is  partly  within 
the  clamp  forms  a  daughter  nucleus, 
toward  the  tip  of  the  main  cell  and 
one  in  the  clamp.  One  of  the  daugh¬ 
ter  nuclei  of  the  other  nucleus  is 
above  the  clamp  and  the  other  below 
it.  A  cell  wall  is  then  formed  across 
the  base  of  the  clamp,  and  another 
across  the  main  cell.  This  results  in  a 
binucieate  terminal  cell,  a  uninucleate 
clamp  cell,  and  a  uninucleate  basal  cell.  Usually  the  tip  of  the 
clamp  cell  fuses  with  the  basal  cell  and  its  nucleus  enters  the 


Fig.  726.  Boletus,  a  stipilate 
pore  fungus.  (  X  J) 


Fig.  727.  Development  of  a  gill  fungus,  the  deadly  amanita  { Amanita 

phalloides) 


Redrawn  after  Longyear 


basal  cell  so  that  the  latter  again  becomes  binucieate.  The  result 
is  that  instead  of  one  binucieate  cell  there  are  two  binucieate  cells, 
and  that  the  two  nuclei  in  a  cell  are  not  sisters  but  are  the  result 
of  conjugate  division. 


Fic.  728.  Ccrticium  ierum 

Conjugation  of  hyphae  produced  by  germiuat  ing  H{H)res.  Note  clamp 

connectioBS.  (After  IxthfeUit) 


Fig,  729.  SeiBidiagfamiiitllc!  r«pr«s«tall«ii  ftrwi' 

tioB  of  clamp  councctioiis  in  the  liypliiti  of 

■'Based  ob  %»»§  Kmitp 
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A  terminal  cell  of  a  hypha  with  a  hooklike  clamp  is  apparently  a 
slight  modification  of  a  hook  of  the  Ascomycetes.  The  clamp  cell 
of  the  Basidiomycetes  appears  to  correspond  to  the  ultimate  cell  of 
the  ascus  hook,  the  terminal  binucleate  cell  to  the  binucleate  cell 
of  the  hook,  and  the  uninucleate  basal  cell  to  the  basal  (ante¬ 
penultimate)  cell  of  the  ascus  hook.  In  both  cases  the  basal  cell 
may  become  binucleate  by  the  migration  of  a  nucleus  from  the  tip 
of  the  hook. 

Tertiary  hyphae.  When  the  secondary  hyphae  have  stored  sufficient 
food  material  and  the  conditions  are  otherwise  favorable,  the  mycelium 
begins  to  form  the  fruit  body.  This  process  is  not  initiated  by  any  sexual 
process,  as  the  cells  of  the  hyphae  are  already  binucleate  and  this  condition 
continues  until  the  formation  of  the  basidia.  In  the  formation  of  the  fruit 
body  the  hyphae  become  differentiated  for  the  various  functions  which 
they  are  to  perform,  and  are  known  as  tertiary  hyphae. 

Some  of  the  ’  yphae  may  be  differentiated  into  conduction  cells  by  en¬ 
larging  and  losincg  their  cross  walls.  In  function  these  are  like  the  sieve 
tubes  of  the  flowering  plants.  Other  hyphae  may  develop  thick  walls  and 
even  become  woody,  and  thus  serve  as  strengthening  or  protective  hyphae. 
These  take  the  place  of  sclerenchyma  in  higher  plants.  In  many  genera 
some  of  the  hyphae  become  modified  into  latex  ducts  which,  superficially, 
correspond  to  the  latex  ducts  of  angiosperms. 

Formation  of  basidium.  The  basidium  is  formed  by  the  enlarge¬ 
ment  of  a  terminal  cell  (Fig.  730).  This  cell  may  result  from  nuclear 
and  cell  divisions  of  the  type  previously  described  (Fig.  730),  but 
this  method  is  not  universal.  As  in  the  case  of  ordinary  hyphae, 
the  nuclei  may  divide  without  clamp  connections.  A  tip  cell  which 
gives  rise  to  a  basidium  is  naturally  binucleate.  In  the  basidium 
the  two  nuclei  fuse  to  form  the  mother  nucleus  of  the  basidium 
(Figs.  730,  731).  The  fusion  nucleus  divides  to  form  four  nuclei. 
Four  slender  projections,  sterigmata,  grow  from  the  tip  of  the 
basidium,  and  the  tip  of  each  of  these  enlarges  to  form  a  basidio- 
spore.  The  four  nuclei  of  the  basidium  then  migrate  singly  through 
the  sterigmata  into  the  basidiospores  (Fig.  731). 

Variations  in  Hfo  history.  Variations  from  the  above-described  life 
history  include  species  which  are  homothallic  and  cases  in  which  the  nuclei 
of  a  dicaryon  divide  conjugatively  in  the  hyphae  without  the  formation  of 
clamp  connections.  In  one  interesting  case  a  basidium  produces  two 


Fig.  730-  Formation  of  kiHidiiim  of  Armillarm  mucida 

A,  end  of  a  hypha,  foeariniJ:  in  the  centtT  a  youni?  baHiditiiii  am!  fti  the  left  and 
right  hyphae  which  will  also  give  rise  to  f^asidia;  H,  hinueleate  teniiinfil  fell 
showing  the  beginning  of  clamp  formation;  one  nucIimH  has  mignitia!  into 
the  clamp;  D,  conjugate  division  of  the  two  nuelei,  one  division  spiruile  being 
partly  in  the  clamp;  nuclear  division  Ima  been  eonipleted  and  walls  have 
been  formed  so  as  to  produce  a  tminmdeate  basal  cell,  a  liinueleiit-e  Iwwiliiiro, 
md  a  uninucdeate  clamp  ceil;  F,  tlie  clamp  cell  has  fused  with  the  ImmI  cell, 
its  nucdcus  has  Tnigrate<i  into  the  basal  cell,  and  the  biwiil  eel!  is  w^iwiiifig  out 
another  hypha;  0,  the  two  nuclei  in  the  basiciium  him*  ftimai  to  form  the 
primary  nucleus  of  the  hasitiium,  in  which  the  nuflwdi  are  imnninent;  |/„  a 
further  stage  in  the  development  of  the  baaidium  ami  its  mielinifi;  the 
primary  nucleus  of  the  baaidium  iias  divided  to  form  four  niirlei  whieli  will 
migrate  into  the  four  spores;  at  the  tip  of  the  baskimm  four  pri^jertioas  which 
will  give  rise  to  ba«idios|M)re8  are  alri*ady  formwL  (After  Kniep) 
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basidiospores,  each  of  which  re¬ 
ceives  two  nuclei  from  the  basid- 
ium.  These  two  nuclei  form  a 
dicaryon.  The  first  division  in  the 
hypha  which  grows  from  the  ger¬ 
minating  spore  is  conjugate  and 
with  the  formation  of  a  clamp  con¬ 
nection  (Fig.  732).  Here  the  dica¬ 
ryon  condition  persists  throughout 
the  whole  life  of  the  plant  except 
for  the  brief  phase  in  the  basidiurn 
after  the  nuclei  of  the  dicaryon 
have  fused  to  form  the  nucleus  of 
the  basidiurn  and  before  the  divi¬ 
sion  of  this  has  produced  the  nu¬ 
clei  for  the  basidiospores. 

Origin  of  Basidiomycetes. 
The  Basidiomycetes  are  gener¬ 
ally  regarded  as  being  descended 
from  the  A  scomycetes.  The  great 
similarity  between  the  secondary  hyphae  of  the 
Basidiomycetes  and  the  ascogenous  hyphae  of 
the  Ascomycetes  is  strong  evidence  in  support 
of  this  view.  In  many  groups  of  Ascomycetes 
there  is  a  progressive  degeneration  of  the  sex¬ 
ual  cells  until  the  ascogenous  hyphae  arise 
from  vegetative  cells.  In  the  Euhasidiomycetes 
the  absence  of  specially  differentiated  sexual 
cells  has  become  universal  and  there  is  a  union 
of  vegetative  cells. 

In  the  Ascomycetes  the  stage  in  which  there 
are  dicaryons  dividing  by  conjugate  division 
is  confined  to  the  ascogenous  hyphae,  which 
are  reproductive  in  function.  In  the  Basid¬ 
iomycetes  this  phase  has  been  lengthened 
to  include  the  greater  part  of  the  vegetative 
development. 

In  the  Basidiomycetes  there  is  reproduction 
by  conidia  similar  to  that  in  the  Ascomycetes. 


Fig.  732.  Binucleate 
basidiospore  of  Ga- 
lera  tenera  f.  bispo- 
ra  germinating 

The  two  nuclei  form 
a  dicaryon.  Notice 
early  appearance  of 
clamp  connections, 
(x  800).  After  Sass 


Fig.  731.  Formation  of  basidiospores 
by  basidiurn 

Ay  binucleate  basidiurn.  two 
nuclei  have  fused  to  form  primary 
nucleus  of  basidiurn.  C,  primary  nu¬ 
cleus  of  basidiurn  is  dividing.  D, 
basidiurn  contains  four  nuclei  formed 
by  the  division  of  the  primary  nu¬ 
cleus;  the  sterigmata  and  basidio¬ 
spores  are  already  formed.  E,  F,  mi¬ 
gration  of  nucleus  into  basidiospore. 

(After  Ruhland) 
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Along  with  the  development  of  the  importance  of  the  secondary 
mycelium  and  a  great  efficiency  in  basidiospore  production  there 
has  been  a  decrease  in  the  importance  of  conidia.  These  are  con¬ 
fined  largely  to  the  primary  mycelium. 

The  basidium  with  its  ba.sidiospoios  is  reg.'irded  as  a  in()difi(*ii  ascus. 
The  cell  which  becomes  the  basidium  may  ho  inrmod  in  a  way  which  is 
very  similar  indeed  to  the  formation  of  the  coll  which  becomes  ati  ascus  in 
one  of  the  typical  Ascomycefcs.  Usually  the  nucleus  of  an  ascus  divkh's 
into  eight  nuclei  and  there  are  eight  ascosporos.  In  the  basidium  the 
nucleus  usually  divides  into  four  and  there  are  four  basi(iiosp<)res.  How¬ 
ever,  in  some  Basidiomi/cetes  whieli  may  be  n'gardcd  as  primitivt'.  and 
which  otherwise  have  a  typical  basidium,  the  nucleus  of  the  basidium 
divides  into  eight  and  there  are  usually  eight  basidiospores. 

The  striking  difference  between  tiie  ascus  and  tlu'  basidium  is  the 
fact  that  ascospores  are  formed  inside  the  :l-;cus  and  basidiospore.s  on 
the  outside  of  the  basidium.  This  is  thought  to  he  due  to  .a  process  simikir 
to  that  by  which  a  sporangium  of  one  of  t  he  Zijijomi/riia:,  such  as  lihizopint 
has  been  converted  into  a  group  of  conidia  on  the  rounded  he.ail  of  a 
conidiophore. 

Polyporaceae.  In  the  Polypomceac,  or  pure  fungi,  the  hy- 
menium  is  the  lining  of  pores,  which  in  many  ca.st^s  art^  long  and 
narrow  (Figs.  714,  715).  The  pores  hang  dtjwn  vt>rfiailly,  and  the 
force  of  the  discharge  of  the  spores  i.s  jmst,  gnmt.  enougli  to  carry 
them  to  the  middle  of  the  tube  so  that  they  may  fall  freely.  Aft.er 
falling  from  the  pore  they  may  be  caught  b}^  trhe  wind,  and,  <>wing  to 
their  lightness,  be  carried  to  considerable  di.stances.  Some  of  the 
Polyporaceae  are  small;  others  are  very  large.  'I'hey  are  mostly 
leathery,  corky,  or  woody.  Some  have  perennial  fruit  Ixalies  tmd 
each  year  add  a  new  and  wider  layer  of  pores  ov(*r  the  lower  surface 
of  these  (Fip.  714,  715).  The  number  of  Hjxirea  produced  by  a 
large  fruit  body  may  be  enormous.  A  large  one  may  prudu<»  as 
many  as  one  hundred  billion  spores  {wr  annum ;  and  M{,H)n!s  may 
be  discharged  at  the  rate  of  at  least  a  million  a  minute  for  several 
hours  or  days. 

Agaricaceae.  The  Agaricaceae  tire  often  called  gill  fungi  be¬ 
cause  the  hymenium  covers  the  surfstee  of  thin  plates  or  gills  which 
hai^  down  from  the  pileus  and  rtwiiate  otit  from  the  stalk.  Most  of 
the  Agaricaceae  have  a  central  stipe  (Fig.  727).  The  name  ‘’mush¬ 
room  is  variously  used  for  all  Agaricaceae  or  for  the  edible  Agari- 
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caceae.  Agaricaceae  usually  grow  saprophytically  on  decaying 
vegetable  matter  in  the  soil,  but  some  are  parasitic  on  trees. 

In  the  young  stages  of  the  Agaricaceae  the  edge  of  the  pileus  is 
loined  to  the  stipe.  In  many  this  connection  becomes  a  fairly 
firm  thin  sheet  which  is  ruptured  as  the  mushroom  expands,  and 
remains  as  a  veil,  or  annulus,  attached  to  the  stalk  (Fig.  727,  right). 
This  is  true  in  the  common  cultivated  or  field  mushroom,  Agaricus 
campestris.  In  the  young  stage  of  many  mushrooms  the  unex¬ 
panded  pileus  and  stipe  are  enclosed  in  a  stout  covering  through 
which  the  mushroom,  in  expanding,  breaks ;  and  this  persists  as  a 
cup  or  volva  around  the  base  of  the  stipe  (Fig.  727). 

Many  of  the  mushrooms  are  edible  and  are  delicious  articles  of 
food.  Others  are  very  poisonous ;  this  is  particularly  true  of  vari¬ 
ous  species  of  Amanita,  a  genus  which  is  characterized  by  having 
both  veil  and  volva  (Fig.  727).  There  are  also  species  of  mush¬ 
rooms  which  make  people  sick  but  which  are  seldom,  if  ever,  fatal. 
Still  others  appear  to  be  poisonous  to  some  but  not  all  people.  As 
poisonous  and  edible  species  may  be  found  in  the  same  genus, 
there  is  no  way  of  distinguishing  poisonous  and  edible  mushrooms 
except  by  knowing  the  individual  species. 


Gasteromycetes 

General  characteristics.  The  Gasteromycetes  are  distinguished 
from  the  Hymenomycetes  by  the  fact  that  in  them  the  hymenium 
is  found  on  irregular  plates  of  tissue  which  anastomose  to  form  a 
system  of  cavities  (Fig.  733).  The  fertile  tissue  is  surrounded  by  a 
covering  of  sterile  tissue  which  does  not  open  until  the  spores  are 
mature. 

It  is  characteristic  of  the  basidiospores  of  the  Gasteromycetes  to  have 
two  nuclei.  On  germination  the  basidiospore  gives  rise  to  a  mycelium  with 
binucleate  cells  in  which  the  nuclei  form  a  dicaryon  and  divide  from  the 
first  by  conjugate  division.  Most  of  the  Hymenomycetes  have  uninucleate 
basidiospores  which  give  rise  to  a  primary  mycelium  with  uninucleate 
cells.  Some  of  the  Hymenomycetes  are  like  the  Gasteromycetes  in  having 
binucleate  basidiospores  which  germinate  to  produce  a  mycelium  with 
binucleate  cells.  In  these  and  in  the  Gasteromycetes,  the  primary  mycelium, 
characteristic  of  the  Hymenomycetes,  seems  to  be  omitted. 


Fig.  733.  Section  of  Hymenogaster 
decorus,  one  of  the  tuberous  Gas- 
teromycetes 

The  hymenium  lines  the  cainties. 
(x  18).  After  Rehsteiner 


Fig.  735.  Puffballs  which  have 
opened  at  the  top.  (  x  l|) 


Fig.  734,  Puffball  (Lymperdw 
cyathiforme} 

Redrawn  after  Farlow.  (x|) 


m 


hiG,  736.  (^faster  limbatus 

1  he  steriliM.*‘ovt»rinjL5  splits  into  two  parts, 
one  of  whicii  stirruiindH  the  spore  mass 
while  the  other  ctirvea  hack,  forming  a  star- 
shaped  HtriKinre.  (x  |) 


Fig.  737.  Geaster  hygmmetricm. 

Left,  position  when  mcikt ;  right,  |mi- 
sition  when  dry.  (x  1) 


Pic,  731.  fmea 

The  I’Kirtion  mntiiiM  the 

»pore«:  the  lower  imrf  wtheMalfc. 
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Types  of  Gasteromycetes,  The  Gasteromyceies  include  a  number 
of  very  curious  and  interesting  forms.  Among  these  are  the  puff¬ 
balls  (Figs.  734,  735).  When  the  puffball  is  mature,  it  has  a  tough 
outer ‘Covering  within  which  the  spores  occur  in  a  powdery  mass. 
These  fungi  get  their  name  from  the  fact  that  spores  puff  out  in 
clouds  when  pressure  is  applied  to  their  sides.  A  geaster,  or  earth- 
star,  looks  like  a  puffball  arising  from  the  center  of  a  star-shaped 


Fig.  7S9.  Cyathus  striatm 

Above,  various  stages  in  develop¬ 
ment.  Below,  a  group  of  mature 
fruit  bodies;  the  basidiospores  are 
within  the 


Fig.  740.  Longitudinal  section 
of  unopened  bird’s-nest  fungus, 
Crucibulum  vulgare 

Note  the  dense  outer  region, 
which  will  form  the  nest,  and  the 
dense  structures  within,  which 
will  become  the  '"eggs.”  (After 
De  Bary) 


cup  (Figs.  736,  737).  The  star  is  formed  by  the  splitting  and 
spreading  of  the  outer  layer  of  the  sterile  covering  of  the  fruit 
body.  In  the  birds^-nest  fungi  (Figs.  739-741)  each  fertile  chamber 
is  surrounded  by  a  dense  region  (Figs.  740,  741) ;  when  the  entire 
fruit  body  opens  up,  the  outer  part  becomes  the  nest  while  the 
fertile  chambers  with  their  hard  coverings  become  the  eggs.  The 
stinkhorns  are  curiously  formed  and  evil-smelling  fungi  (Figs. 
742,  743).  In  them  the  fertile  tissue  changes  to  a  sticky  ill-smelling 
slimy  mass.  This  attracts  flies  which  scatter  the  spores. 
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HeterobasidM)myT.etes 

The  Heterobasidmnycetes  include  those  forms  in  which  the 
basidium  is  septate.  There  are  two  types  of  such  basidia :  one  in 
which  the  septa  are  longitudinal  so  that,  typically,  the  basidium  is 
divided  into  four  cells  which  are  more  or  less  parallel  (Fig.  746), 
and  another  in  which  the  septa  are  transverse  so  that  the  basidium 
is  divided  into  a  row  of  four  cells  (Fig,  746). 


Fic.  741.  Crucihulimi  imlgenre  A 

Highly  magnified  view  of  port  ion  of  a  f  1 

section  such  as  is  seen  in  Fig.  740.  Note 

the  hymenium  inside  the**  eggs.’’  (After  Fic.  742.  !thyp!mIhL%  a  gtinkliom 
De  Bary)  fimgui.  (  X  §) 

Basidiomycetes  with  longitudinal  septate  basidia  are  included  in 
one  order,  the  Trejnellaks.  Those  with  transverse  se|)tatc^  !>asidia 
are  divided  into  three  orders:  the  Aurkuhriaks^  the  Umlinah\ 
and  the  Ustilaginales, 

Tremellah^g 

The  best-known  of  the  TremeMahH  are  the  trembling  fungi  of  tire  genus 
Tnrmlla  (Fig.  747).  These  grow  on  decaying  wood  and  form  irri'gularly- 
shaped  fruit  bodies  whicli,  when  moist,  have  a  gclaiinous  consistency. 
They  are  variously  colored  and  have  a  somewlmt  transluctmt  apiMUiranre, 
In  the  Tremellales  tlrere  is  a  series  from  very  simple  bums  ht  thoH*  whicti, 
like ■  frewella,  have  definite  fruit  bodies.  The  basitiiiim  is  always  longitudi- 
nally  septate,  and  typically  bears  four  spores  (hig,  748), 


Fig.  743.  Dictyopiml- 
lus^  a  stinkhorn  fungus 

Tlie  ripe  spores  occur 
in  a  sticky  mass  on  the 
cap,  which  is  above  the 
veil,  (x  J) 


Fig.  744.  Opening  of  the  fruit  body  of  Ati- 
thurus  brownii,  one  of  the  Gasteromycetes 


Fig.  745.  Clathrus  cancellatiis  and  Auricularia  (right) 

From  a  photograph  by  Lloyd  After  Brefeld  from  Tavel 


Fic.  747.  Tremella  (left)  of  the  order  Tremellales^  Bud  Auricularm  (riglii)  ol 
the  order  Auriculariaies 


Fic.  748.  TmmeUu  mmmteriea 

Portion  of  hymenium  showing  basidia  with  basidiosporcs  «d 
ofconkiia.  (After  Tiilasnc) 


Fungi  {Phycophyta) 

Auriculariales 

The  best-known  of  the  Auriculariales  is  Auricularia,  the  ear  fungus, 
which  grows  on  decaying  wood  (Fig.  747).  The  fruit  bodies  have  some¬ 
what  the  shape  of  an  ear ;  hence  the  name.  They  are  very  variable  in 
size,  dark  brown  in  color,  gelatinous  when  moist,  and  leathery  when  dry. 
The  basidia  are  borne  in  a  hymenium.  They  are  transversely  septate  into' 


Fig.  749.  Pmcinia  graminis 

Left,  section  of  a  pyonium  (x  600) ;  right,  development  of  spermatia. 

After  Allen 


four  cells,  each  of  which,  typically,  gives  rise  to  a  filament  termmating  m 
a  basidiospore  (Fig.  746).  Auricularia  is  edible,  and  when  cooked  has  a 
good  flavor  and  consistency.  It  is  much  used  and  highly  prized  by  the 
Chinese,  and  is  often  an  important  constituent  of  chop  suey.  in  the 
Auriculariales  we  again  find  a  series  of  forms  leading  from  vepr  simple 
indefinite  fructifications  to  the  regular  fruit  bodies  of  Aiir^tarta.  In 
some  of  them  there  are  clamp  connections  which  indicate  a  relationship  to 
the  Eubasidiomycetes. 


Vredinales  (Rust  Fungi) 


General  characteristics.  The  rusts  are  important  fungi  heeaiise 
they  cause  a  considerable  number  of  vny  serious  i)lant  diseases 
They  are  parasitic  on  higher  plants.  Gik'  of  the  l.)est-kno\vn  of  the 
rusts  is  Puccinia  graminis.  which  does  gri-at  damage  to  when! .  The 
rusts  have  a  very  complicated  life  history,  and  many,  like  I'urrinin 
produce  five  kinds  of  n'produet  ive  cells.  t>onu>  have  .a 

shorter  life  history.  In 
Puccinia  graminis,  a.s  in 
many  others,  two  hosts 
are  neces.sary  for  the 
ooinidetion  cif  thy  life 
history. 


Spermatia.  In  the 
spring,  liasidiosport's  of 
Putrinia  gram  inis  ger- 
minaft'  ami  infect  the 
Ic'aves  of  tin?  barlK?rry 
hush.  A  .sjMire  produces 


Fic.  750.  Receptive  liypliae  of  Puci  inm 

Upper  left,  a  hypha  of  Purciriiit  Irilicina  in  a 
stoma;  upper  right,  a  hypha  of  Puccinia 
corotMla  which  ha.s  growm  out  betxv(H.*n  (Epider¬ 
mal  cells  and  helow'  tluE  eutiek;  ladow',  hypha 
of  Puccinia  coronata  in  contact  with  .s|)eniiat  ia. 
After  Allen 


a  hy[)iia  which  enters 
a  leaf  and  giv(>s  rise  to  a 
mycelium.  After  n  few 
day.s  tlu-  tnycelium  pro- 
tlueas  flask  !ik(!  sfrutv 
tures,  known  as  pycnia 


(Figs.  7-lf),  Tf)!  !,  which 
project  from  the  upper  surface  of  the  leaf.  Within  the  pyenia  .are 
a  large  number  of  hyphae  which  point  toward  the  opening,  and 
from  the  ends  of  tvhich  cctnidium-like  iKwlies,  calhal  .sjxTtnati.a  <»r 
pycnidiospores,  are  constricdetl  off  successively  (Fig,  719).  k’or  ji 
long  time  these  were  generally  regarded  as  functioisless,  altiiotigh 
some  authorities  believed  that  they  'were  degenerate  male  (?el!.s. 
Recently  it  has  been  proved  that  in  Puennia  graminis  and  some 
other  rusts  they  do  act  as  male  cells. 


Aeciospores.  In  PucAmia  gramirm  the  primary  hyphae,  whicli 
produce  spermatia,  have  uninucleate  cells.  A  .H{x'rmiitium  coitietj 
in  contact  with  such  a  uninucleate  cell  and  fuses  with  it,  with  the 


Fig.  751.  Leaf  infected  with  aeciospore  stage  of  rast 
Above  are  two  pycnia,  and  below  an  aecium.  (X  165) 


Fig.  752.  Cell  fusions  in  a  rust,  Phragmidium  speciosum 

A,  ends  of  two  hypbae  with  sterile  cells  at  the  tips  and  large  fertile  cells  below; 

B,  C,  fusion  of  fertile  cells;  B,  conjugate  division  of  the  two  nuclei;  E,  four 
nuclei  formed  as  a  result  of  conjugate  division ;  F,  aeciospore  mother  cell  cut 
off;  <j,  later  stage  showing  row  of  aeciospores  and  intercalary  cells.  (After 

Christman)  . 
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result  that  there  is  produced  a  mycelium  in  which  the  cells  are 
predominantly  binucleate,  although  there  is  some  irregularity  and 
there  may  be  more  than  two  nuclei  in  a  ceil. 
In  some  species  of  rusts  there  are  hyphae  which 
grow  to  the  surface  of  the  leaf  of  the  host  and 
come  in  contact  with  the  spermatia  (Fig.  750). 

We  have  noted  that  in  various  groups  of 
fungi  there  are  heterothallic  species.  Puednia 
graminis  is  heterothallic.  The  +  and  —  strains 
cannot  be  distinguished  except  by  the  fact  that 
a  +  spermatium  will  only  fertilize  a  —  myce¬ 
lium,  while  a  —  .spermatium  will  fertiliie  a  + 
mycelium. 

After  the  mycelium  is  fertilized  by  fusion 
with  a  spermatium,  it  produces  aei'ia,  which 
Fic.753. Aeciospore  are  cup-shapecl  structures,  in  (‘adi  of  which 
chain  of  Puccinia  a  very  large  number  of  aeeiospor<‘s  art*  (level- 


gramims 

From  top  to  bot¬ 
tom,  the  basal  cell, 
three  spore  mother 
cells,  an  intercalary 
cell,  and  an  aecio- 
spore.  Not  all  nuclei 
are  shown.  (From 
Allen) 


oped  (Fig.  751).  In  some  eases  the  binucleate 
condition  has  been  said  to  he  the  result  of  tiie 
fusion  of  two  cells  at  the  ba,se  of  th(‘  aeciuiu 
(Fig,  752).  It  may  be  that  in  tlie  same  specaes 
cells  may  become  binucleate  by  both  of  the 
methods  described  alxnm.  Tlie  nucku  in  file 
binucleate  or  multinucleate  cells  at  the  base  of 


,Fic.  754.  Stages  of  rusts 

Isit,  cofee  infected  with  uredmiosfKae  stage  of  mat  (Mtmikm  tmlainx) 
(x  I);  right,  acfdoBporft  stage  of  wheat  rust  {Pmeinm  fframinh}  on  barl'ierry 

leaf  (x  I) 
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the  aecium  divide  by  conjugate  division,  and  the  basal  cells  of  the 
aecium  produce  chains  of  cells,  each  cell  of  which  is  known  as  a 
spore  mother  cell  (Figs.  752,  753).  The 
nuclei  of  the  spore  mother  cell  divide 
by  conjugate  division,  and  the  cell  di¬ 
vides  to  form  a  large  spore  cell  and  a 
small  intercalary  cell  (Figs.  752,  753). 

The  intercalary  cells  disintegrate  and 
disappear  and  thus  separate  the  aecio- 
spores  from  each  other.  When  seen 
with  the  unaided  eye,  the  aecia  of  Puc- 
cinia  graminis  appear  as  small  raised 
orange-colored  patches  on  the  surface 
of  the  barberry  leaf  (Fig.  754). 

Urediniospores.  The  aeciospores  are 
capable  of  germinating  at  once  and  pro¬ 
ducing  a  mycelium  that  can  infect  a 
susceptible  host.  The  aeciospores  of 
Puccinia  graminis  cannot  infect  the 
barberry  bush,  but  can  infect  a  wheat 
plant,  in  which  they  produce  a  myce¬ 
lium.  This  mycelium  produces  spores  ^  . 

which  are  known  as  urediniospores.  ofwheaimst  {Puccinia grami- 
In  Puccinia  graminis  these  occur  in  nis),  (xi) 


Fig.  756.  Urediniospore  stage  of  a  rust 
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grayish-brown  or  rust-colored 
patches  on  the  sterns  and 
leaves  of  the  wheat  plant 
(Fig.  755).  Urediniospores  of 
Fuccinia  grantiniti  and  other 
species  (Figs.  7;:)6,  757)  are 
formed  singly  on  fairly  long 
stalks.  The  urediniospores  of 
Puccinia  graminia  are  capa¬ 
ble  of  germinating  on  wheat 
plants;  so  during  the  grow¬ 
ing  season  they  may  cause  a 
widespread  infect  ion. 

Teliospores.  Later  in  the  season,  after  the  wheat  plant  ma¬ 
tures,  the  same  mycelium  which  produced  urediniospores  produces 
another  type  of  spore  known  as  a  teliospore.  The  (eliosjrore  of 
Puccinia  graminis  and  various  other  species 
of  rusts  (Figs.  758,  759),  is  a  tw<.>-celled 
spore  with  thick  walls.  In  Puccin  ia  grainitiis 
it  is  a  winter  spore :  it  persists  throughout  the 
winter  and  germinates  the  following  spring. 

Basidiospores.  In  the  spring,  when  mois¬ 
ture  and  temperature  condition-s  arc  favor¬ 
able,  each  cell  of  the  teliospore  germinates  by 
sending  out  a  hypha  which  becomes  a  basid- 
ium  that  is  typically  divided  into  four  cells 
by  transverse  septa  (Fig.  760).  I'lacb  of  these 
cells  gives  rise  to  a  basidiospore.  In  Pucr.iuia 
graminis  these  cannot  infect  the  wheat  plant 
but  are  capable  of  producing  a  mycelium  in 
the  leaves  of  the  barberry. 

Nuclear  history.  In  the  rusts  two  nuclei 
become  associated  as  a  dicaryon  in  the  myce-  Fic.  758.  Teliospore 
hum  which  gives  rise  to  the  aecia.  This  condi-  of  runts 

tion  persists  in  the  acciospores  and  throughout  L'ft ,  wheat  rust  ( Puc~ 
the  mycelia  which  produce  urediniospores  and  mminiii)  (x  j) ; 
teliospores.  Each  of  the  cells  of  the  teiio-  T 
spores  of  Fucarm  ^ramtnu  contains  a  di-  le4oii  (x  f) 


Fig.  757.  Section  tlirongls  small  group 
of  urediniospores  of  Cronartium  ribkoia 

Note  that  the  spores,  stalk  cells,  and 
basal  cells  are  all  binucleate.  (X  250). 
After  Crolley 
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caryon.  In  each  of  these  cells 
the  nuclei  fuse.  Reduction  in 
the  number  of  chromosomes 
occurs  when  this  fusion  nu¬ 
cleus  divides  to  give  rise  to 
the  nuclei  of  the  basidiospores. 
In  the  rusts  there  is,  then^  as 
in  the  Hymenomycetes,  a  short 
period  in  which  the  cells  are 
uninucleate,  followed  by  a 
dicaryon  condition  which  per¬ 
sists  throughout  the  greater 
part  of  the  life  cycle. 

As  the  complete  life  history 
of  Puccinia  graminis  requires 
two  hosts,  the  wheat  plant 
and  the  barberry  bush,  the 
wheat -rust  can  be  controlled 
to  a  considerable  extent  by 
eradicating  barberry  bushes. 
In  some  cases  this  method  has 
been  highly  successful.  But 
it  Is  not  always  possible  to 
eradicate  wheat  rust  in  this 
way,  as  when  conditions  are 
not  too  severe  some  uredinio- 
spores  may  survive  the  win¬ 
ter  and  cause  infections  in 
wheat  plants  the  next  spring. 

The  white  pine  blister  rust 
is  another  example  of  a  serious 
plant  disease  with  two  hosts. 
In  the  case  of  this  fungus 
the  spermatia  and  aecia  are 
formed  on  some  of  the  white 
pines  and  the  urediniospores 


Fig,  759.  Leaf  infected  with  teliospoi® 
stage  of  a  rust.  (  X  140) 


Fig.  760.  Teliospbre  (left)  and '  germi¬ 
nation  of  teliospore  (right)  with  pro¬ 
duction  of  basidiospores  (somewhat 
diagrammatic) .  (  X  445) 


and  teliospores  on  currants  or  gooseberries.  This  disease  is  very 
destructive  to  susceptible  pines  and  particularly  to  young  plants. 
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Wliere  the  whole  life  of  the  rust  is  spent  on  one  host,  it  may  be 
exceedingly  difficult  to  eradicate  it.  The  coffee  rust  has  destroyed 
the  coffee  industry  in  many  parts  of  the  Far  East,  as  the  rust  grows 
on  the  coffee  throughout  the  year  and  the  best  coffee  is  very  sus¬ 
ceptible  to  it. 


Fic.  761.  The  Ustilagimle.%  or  gnmt* 

Uft,  tip  of  sugar-cane  plant  infected  by  smut  (Ustilago  nacchan)  (x  A):  the 

black  wfaiplikc  tip  is  little  more  than  a  mass  of  8|K>re«*  liighti,  ear  of  com  show¬ 
ing  swellings  produced  !>y  smut  zem)  (X  i%) 

Ustilugmales 

General  characteristics.  The  Udihgirudes,  or  smuts,  like  the 
Uredinales,  are  very  important  on  account  of  the  fact  that  a  con¬ 
siderable  number  of  them  give  rise  to  plant  diseases  of  serious 
economic  importance.  They  are  characterisKfd  by  producing  a 
great  mass  of  black  spores  which  give  the  infected  part  a  burned  or 
charred  appearance  (Fig.  761).  When  the  infected  material  is 
shaken,  the  spores  often  scatter  as  great  clouiis  of  dust. 

The  structure  and  life  history  is  comparatively  simple.  The 
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hyphae  produce  an  abundant  mycelium  in  the  host.  In  the  ma¬ 
jority  of  cases  the  cells  of  this  mycelium  become  divided  up  into 
cells  which  are  transformed  into,  spores  (Fig.  762).  In  no  case 


vuijchii 


Note  clamp  connections.  Fig.  763.  Spores  of  a  smut  (TuburciTua) 

(After  Seyfert)  in  tissue  of  onion  leaf 


"I 


Fig.  764.  Fromyceliim  and  sprout  cells  of  XJstilago  zeae,  (  X  830) 

After  Hanna 

is  there  a  definite  fruit  body  (Fig.  763).  Clamp  connections  are 
known  in  the  smuts  (Fig.  762)  and  emphasize  their  relationship  to 
other  Basidiomycetes. 
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Com  smut.  The  corn  smut,  Ustilago  :cae,  is  common  and  well- 
known  and  will  serve  as  an  example  of  smut  s.  The  spore  germinates 
in  a  way  which  is  rather  similar  to  the  germination  of  the  telio- 
spores  of  rusts  (Fig.  764).  In  germinating  it  sends  out  a  .small 
hypha  which  is  often  called  a  proniycelium.  'This,  typically, 


Above  and  lower  left,  Udikgo  ‘ 

receptacuhrum ;  lower  ccjritpr  relig  of 

and  right,  Ustilago  rmrginalu.  iomm 

(After  Tulasne  and  Brefeld)  After  Ikefeld 

divides  into  four  cells.  These  four  e^ells  correspond  to  the  four  cells 
of  the  rust  basidium.  In  smuts  each  of  these  cells  niav  give  ris<i  to  a 
single  sporelike  cell  corresponding  to  a  basidiosporc  and  variously 
caUed  a  sporidium  or  sprout  cell  (Pig.  765),  but  there  is  great 
irregularity,  and  often  many  sprout  cells  arc  buddetl  off  from  the 
mycelium  (Fig.  766).  In  com  smut  the  sprout  cells  may  infect  any 
part  of  the  com  plant  and  produce  a  mycelium.  Cells  of  this  my¬ 
celium  conjugate  within  the  host,  the  nuclei  of  the  fusing  oelk 
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forming  a  dicaryon.  The  result  is  a  binucleate  mycelium  in  which 
the  nuclei  divide  by  conjugate  division.  It  is  this  mycelium  that, 

divides  up  to  form  the  spores. 
During  the  development  of  the 
spores  the  two  nuclei  of  the  dica¬ 
ryon  fuse.  Reduction  in  the  num¬ 
ber  of  chromosomes  takes  place 
during  the  first  divisions  of  the 
fusion  nucleus. 

In  most  of  the  smuts  closely  related 
to  Ustilago  zeasj  two  sprout  cells  unite 
outside  the  host  either  directly  or 
through  a  conjugating  tube  to  form 
a  binucleate  ceU  (Fig.  767).  Sometimes 
two  cells  of  the  promycelium  fuse  to 
form  a  binucleate  cell  (Fig.  768).  The 
binucleate  cells  give  rise  to  cells  capa¬ 
ble  of  infecting  a  host.  In  some  rusts, 
often  called  stinking  rusts  (of  which  the  wheat  rust,  Tilletia  tritidf  is  aji 
example),  the  spores  germinate  in  a  different  way  from  those  of  the  corn 


Left,  fusion  of  cells  in  same  pro- 
mycelium;  right,  fusion  of  cells 
in  same  promycelium,  also  fusion 
of  cells  of  different  promycelia. 
(x  835).  After  Rawitscher 


Fic.  769.  The  germination  of  spore  of  Tilletid  caries  to  form  hasidiospores 

The  last  figure  shows  fusion ,  of  basidiospores  in  pairs  while  still  attached, 
(x  300)*  After  Tulasne 


smut.  They  send  out  a  short  tube  at  the  end  of  which  a  number  of  basidio¬ 
spores,  often  four  or  eight,  are  formed.  These  unite  in  pairs  either  while 
they  are  attached  (Fig.  769)  or  after  they  have  fallen  away.  The  fusion 
cell  gives  rise  to  a  mycelium  which  forms  oonidia  that  infect  the  host. 
The  nuclear  history  in  such  cases  is  much  like  that  of  the  other  type  of 


Fi€.  ?70-  Three  f^riiis  ef 

Above,  UsTwo,  a  branched  c|>iphyt4c  fctrin  j  the  firtaitlar  diflCfi  are  the 

fruit  bodiea.  Lower  left,  Maematmrmm  punimimt  a  mmtmwm  form ;  tlie  dark 
cup-shaped  structures  are  the  fruit  iKwIies.  I^wer  riglit,  mi 

erect  terrestrial  form ;  the  hymeuium  mvem  the  routided 

Some  infect  flowers,  and  through  thc«  the  stems  and  plants  wldcdi  tie- 
velop  from  them.  The  corn  smut  can  infect  any  part  of  tti#  corn  plant. 
In  this  case  the  b^t  method  of  oontnd  is  the  reniova!  and  burning  of  in-* 
fected  parts  before  spores  are  formed,  or  a  rotatioii  of  mnm. 


Fungi  (Phycophyta) 
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Lichens 

Lichens  (Figs.  770,  771, 
772)  are  especially  interest¬ 
ing  plants  because  in  every 
case  a  lichen  is  composed  of 
two  very  different  kinds'  of 
plants,  an  alga  and  a  fungus. 
The  fungus  and  alga  are  so 
thoroughly  suited  for  growth 
together  that  different  com¬ 
binations  form  definite  and 
distinct  species.  The  alga 
may  belong  to  either  the 
Chlorophyta  or  the  Cyanch 
phyceae.  The  fungus  com¬ 
poses  the  larger  part  of  the 
lichen,  while  the  algae  are 
enclosed  between  fungus  hy- 
phae;  usually. they  form  a 
layer  near  the  upper  surface 
of  the  lichen  (Fig.  773). 
Most  lichens  are  greenish- 
gray,  the  color  being  the  re¬ 
sult  of  a  combination  of  the 
colors  of  the  two  components. 
The  fungus  lives  parasitically 
on  the  alga,  from  which  it 
absorbs  food,  the  alga  man¬ 
ufacturing  food  for  itself  and 
for  the  fungus  component  of 
the  lichen ;  the  fungus  in  turn 
protects  the  alga  from  drying 
out  in  very  dry  situations. 
The  fungus  hyphae  which 
absorb  food  from  the  algae 
are  in  very  intimate  contact 
with  them  (Fig.  774).  ’ 


Fig.  772.  Loharia  pulmonarm^  a  lichen 
with  a  thallus  form  and  ciip-shaped  fruit 
bodies.  (  X  1) 


Fic.  773.  Cross  section  of  a  Hclien  tliallns 
The  dark  oira!  bodies  near  the  upper  portion  of  the  tlmlliis  are  alga!  cells 


F^c.  774.  Eelstion  of  fnngi  to  ilgae  la  lielietti 

]Wt,  Cladmia  furoata,  in  which  the  lichen  ia  a  green  alga  Wonging  to  tl 
Chlorococcales  (x  476).  Right,  Blertocaultm  ramuhium,  in  which  the  alga  is 
Scyimma,  one  of  the  Cmnovkyam  ( x  325).  After  Boract 


Fig.  775.  Cross  section  tlirongli  a  whole  lichen  fruit  body  and  portion  of 
adjoining  ihallns 

Note  the  algal  cells  showing  as  dark  spots  in  the  upper  part  of  the  thallus ;  note 
also  the  hymenium  lining  the  cup.  (X  40) 


Fig*  776.  Cross  section  of  a  portion  of  the  hymenium  of  a  lichen  frmt  body* 
showing  asci  and  paraphyses.  (  X  320) 
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Lichens  live  in  a  great  variet.y  of  habitats,  as  on  exposed  rocks, 

on  the  bark  of  trees,  or  on  the  ground.  Some  hang  from  the  smaller 

branches  of  trees  (  Usnea,  Fig.  770).  The  so-called  reindeer  moss  is 

not  a  moss  but  a  lichen  (Cladonia  rangifirina).  The  combination  / 

of  fungus  and  alga  is  able  to  live  in  exposed  places,  for  instance  on 

bare  rocks  or  exposed  limbs  of  trees,  where 

neither  of  the  constituents  could  survive 

alone.  Lichens  can  withstand  long  periods 

of  drying.  The  upi)er  and  lower  layers  of 

lichens  are  usually  dense  and  composed  of 

thick-walled  hyphae,  while  the  interior  has  a 

looser  and  mure  spongy  structure  (Fig.  773). 

Lichens  are  oft.en  reproduced  by  the  foi> 

mation  of  special  reproductive  structures  ) 

known  as  sored i a.  These  are  small  balls  : 

which  are  formed  on  the  surface  of  the 

lichens;  each  consists  of  fungus  h3fphae 

enclosing  a  few  algal  cells.  In  one  genus  of 

lichens  the  fungus  compunent  isa  basidiomy- 

cete,  which  rcpnaluces  by  hasidiospores.  In 

most  cases  the  fungus  is  an  ascomy(;cte  and 

produces  ascocarps  in  which  are  numerous  i 

Fic.  777.  Ascogonlnm  containing  ascosp<treH  (Figs.  775,  776).  i 
and  trichogyne  of  li-  •  ^  i 

chen,  Collema  crispum 

In  some  of  the  iwomyeetoiw  lieheiw  tliere  are  „i 

Lefty  coiled  ascogonuim  as  i 

with  long  tnchO'gyne  .  |  i  ■*  i  i  s 

(X  270)  ‘  right  end  of  a  S|aTinat4a  wfiieii  are  procinem  i 

trichogyne  with  apemwir  much  the  same  way  an  the  8|H^riiiatia  of  niHtn.  ] 
tiuna  attached  (x  750).  The  ancogonia  are  multicellular  and  coileci,  and  1 
After  Baur  terminate  in  If  mg  multicellular  triclmgyiieH  which  t  j 

reaeli  to  tlie  surface  of  the  thallus.  In  one  caae  .  1 

the  spermatium  has  been  described  as  fusing  with  the  tric!if>gyne  and  its  j 
nucleus  as  passing  into  the  trichogyne  (Fig.  777).  The  mifhile  ctdln  fif  the 
ascogonium  grow  out  to  form  asci.  K!igratif)ii  ti  the  male  nticleiis  to  .  ^ 
the  ascogonium  has  been  surmised  Init  not  denmuHtrahHl.  Home  hci»  in  this  i 
type  of  fertilization  a  suggestion  cd  descent  from  red  algiuu  Thom*  wim  ,  j 
regard  the  Zygonyedm  as  ancestors  of  the  fungi  take  the  vimv  that  the  j 

spermatia  are  to  be  regarded  as  coniclia  whicli  have  tekeii  the  place  of  j 

antheridia.  This  question  has  lieen  dbeussed  in  coimeclioii  with  the  origin  :;| 
of  the  Ascomycetes, 


CHAPTER  XXVI 

DIVISION  BRYOPHYTA 

General  characteristics.  The  bryophytes  are  sma,ll  plants.  The 
division,  is  composed  of  two  classes,  the  HcpoMcOiB  (liverworts)  and 
the  Musci  (true  mosses).  Whereas  the  algae  are  predominantly 
water  plants  and  only  a  few  simple  ones  have  become  secondarily 
adapted  to  aerial  conditions,  the  Bryophyta  are  predominantly  land 
plants  with  only  a  few  that  grow  in  water.  They  are  the  simplest 
types  of  green  plants  which  are  true  land  plants. 

The  conspicuous  plants  of  the  Bryophyta  are  gametophytes, 
which  produce  eggs  and  spermatozoids.  In  mosses  the  gameto- 
phyte  is  differentiated  into  a  central  axis  or  stem  with  small  spirally 
arranged  leaves  (Figs.  806,  817).  In  some  of  the  liverworts  the 
gametophytes  are  thallus  plants  (Figs.  791,  798) ;  in  others  they 
have  stems  and  delicate  leaves  (Fig.  800) .  In  those  with  stems  and 
leaves  there  are  two  dorsal  rows  of  leaves  arranged  along  the  sides 
of  the  stem,  and  usually  a  small  third  row  on  the  ventral  surface. 
The  leaves  of  most  mosses  have  a  midrib,  but  such  a  structure  is  not 
found  in  any  of  the  liverworts. 

Bryophytes  do  not  have  roots,  but  are  anchored  to  the  sub¬ 
stratum  by  hairlike  rhizoids  (Figs.  806,  817).  The  femate  repro¬ 
ductive  organ  of  the  bryophytes  is  an  archegonium  (Fig.  780). 
This  is  a  flask-shaped  structure  which,  when  mature,  contaii^  a 
single  egg.  Spermatozoids  are  borne  in  large  numbers  in  antheridia 
(Fig.  781).  The  development  of  the  fertilized  egg  results  in  the 
production  of  a  sporophyte,  which  in  most  cases  consists  of  a 
sporangium,  or  capsule,  a  stalk,  and  an  absorbing  organ,  or  foot, 
which  absorbs  material  from  the  parent  plant  (Fig.  795).  In  a  few 
species  of  simple  liverworts  the  sporophyte  is  a  sporangium  with¬ 
out  stalk  or  foot  (Figs.  782,  783).  In  all  cases  the  gametophytes 
and  sporophytes  are  entirely  different  in  both  appearance  and 
structure. 
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CLASS  HEPATICAE 

Gametophyte.  Most  of  the  Hepaikae  live  on  the  land  in  moist 
places,  while  a  few  may  grow  in  water.  Some  of  them  are  found  on 
the  ground  and  others  on  the  trunks,  branches,  or  leaves  of  other 
plants.  The  gametophytes  of  the  liverworts  are  always  small  or 
relatively  small  plants,  but  are  always  large  enough  to  be  readily 
visible.  Although  the  thallus  forms  (Fig.  778),  when  examined 
closely,  are  very  unlike  mosses,  all  liverwort.s  wouki  probably  be 
regarded  as  mosses  by  people  not  familiar  with  botany. 


Fic*  778,  Thaliiii  of  Rkcm 

The  dark  rounded  bodies  are  mature  npomphytim  whioh  are  enibfdtied  in  the 
thallus,  while  the  lighter  bodies  are  immature  s|)orofihyti'S,  (X  2) 

Sexual  reproduction.  The  are  lK)rne  in 

called  archegonia  (Figs.  779^  78flK  An  areh«*gtuiiuiu  of  a  liver¬ 
wort  is  a  flask-shaped  structure^  the  wall  of  wliieh  m  inmiimml  of 
a  single  layer  of  ceils.  The  lower  part  of  flie  iirehegtiriium  is 
enlarged  and  contains  a  single  large  cell  This,  shortly  IMore 
the  archegonium  matures,  divides  into  two  cells,  the  lower  of 
which  is  a  large  egg^  wlule  the  upi>er  is  siriiiller  aiui  is  kisown 
as  the  ventral  canal  cell  (Fig.  779).  The  iipp^r  inirtion  of  the 
archegonium  is  elongated  into  a  narrow  structure  eallcai  fhe  necki 
within  which  is  a  row  of  celk^  the  neck  canal  cells.  When  the 
archegonium  matures^  the  ventral  canal  e-ell  and  neck  canal  c»lls 
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become  disorganized  and  the  top  of  the  neck  opens  to  discharge 
the  remains  of  the  canal  cells  (Fig.  780),  after  which  the  sper- 
matozoids  can  swim  through  the  neck  to  the  egg  cell. 


Fig,  779.  Section  of  a  portion  of  the  thallus  of  Riccia 

In  the  center  is  an  immature  archegonium ;  the  enlarged  venter  contains  a  large 
egg  and  above  this  a  ventral  canal  cell ;  in  the  neck  there  are  four  neck  canal 
cells.  Most  of  the  cells  of  the  thallus  show  chloroplasts.  Note  the  vertical  rows 
of  cells  which  project  upward  from  the  upper  surface  of  the  thallus.  The 
terminal  cell  of  each  row;  is  enlarged  and  lacks  chloroplasts.  These  terminal 
cells  are  close  enough  together  to  form  a  layer  which  serves  as  an  epidermis. 

(X190) 

The  antheridium  of  a  liverwort  is  usually  somewhat  oval  (Fig. 
781);  and  consists  of  an  inner  portion,  composed  of  numerous  fertile 
cells,  surrounded  by  a  single  layer  of  sterile  cells.  The  fertile  cells 
give  rise  to  biflagellate  spermatozoids  (Fig.  781). 
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Fertilization  takes  place  by  the  swimming  of  a  spermatozoid  to 
the  egg  in  the  archegonium,  and  the  fusion  of  the  spermatozoid 
with  the  egg.  Owing  to  the  fact  that  the  spennatozoids  have  no 
other  means  of  reaching  the  archegonia  than  by  swimming  through 
water,  it  is  evident  that  water  is  necessary  for  the  accomplishment 


Fic.  780.  Mature  archegonium  of 

Riccia 

The  neck  canal  cells  and  ventral  canal 
cell  have  become  disorganized,  (x  2  tO) 


Fic,  ?8L  AntherUlmm  i  x  160)  t 
single  of  Rkxm 

The  arithpridiurn  rtiiwistH  of  a  stalk 
a  cmmng  of  mixilv  ixlh,  and  many 
sporrii 


of  fertili7,atiu!i.  Thia  indicates 
that,  tlie 

frcHii  an  alK^al  anmn!  or  whiedUived 

in  water,  and  in  wiiich  fertilim- 
tion  was  also  arcmn|)Iis!ied  by 
mciins  of  motile  siKTinatoxoids, 
Sporophyte.  Thv  fcrtiliyi^d 


egg  of  tdic  lirpdlimr  germinates 
immediately  within  the  archegonium  ;  but  instead  of  giving  rise  to 
a^thallus  it  produces  a  structure  in  w'hi<!h  spores  are  formed  (Figs. 
782,  783).  This  structure  in  therefore  a  sporophyte,  11ie  siwres, 
on  germination,  produce  a  gametophyte.  llic  Kporophvte  in  its 
simplest  form  consists  of  a  single  Hporaiigium  (Figs.  782,783),  but 
in  most  of  the  Ilepaticm  it  is  a  s|'K)rangiuiii  with  a  stalk  and  an 
absorbing  organ,  the  foot,  which  attaches  the  spirophyte  to  the 
gametophyte  (Fig.  795).  In  all  cases  a  nearly  mature  afKiriingiiim 
contains  a  considerable  number  of  rounded  cells  wdiich  are  known 
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as  spot’e  mother  cells.  Each  of  these  divides  to  form  four  spores. 
At  least  in  their  early  stages,  the  four  spores  derived  from  a  mother 
cell  hold  together  in  a  group  and  are  flattened  on  the  sides  where 
they  come  in  contact.  .A 


group  of  four  spores  derived 
from  a  spore  mother  cell  is 
known  as  a  tetrad. 

Alternation  of  genera¬ 
tions.  The  gametophyte 
that  produces  eggs  and 
spermatozoids  is  followed 
by  a  sporophyte  that  pro¬ 
duces  spores,  and  this  in 
turn  by  a  gametophyte. 
There  is  therefore  an  alter¬ 
nation  between  a  gameto¬ 
phyte,  which  produces  eggs 
and  spermatozoids,  and  a 
sporophyte,  which  gives 
rise  to  spores.  This  alter¬ 
nation  of  gametophytes 


andsporophytesisanalter-  Fig.  782.  Immature  sporophyte  of  Riccia 


nation  of  generations,  or  an  within  the  archegonium 


alternation  of  a  gameto- 
phytic  and  a  sporophytic 
generation  (Fig.  784). 

Some  of  the  green  algae 
show  an  alternation  of  gen¬ 
erations;  so  do  most  of 
the  brown  and  of  the  red 


The  cells  of  the  basal  portion,  or  venter,  of 
the  archegonium  have  divided,  so  that  this 
part  of  the  archegonium  consists  of  two 
layers  of  cells.  At  this  stage  the  sporophyte 
consists  of  a  considerable  number  of  spore 
mother  cells  surrounded  by  a  single  layer 
of  sterile  cells.  The  nuclei  and  protoplasm 
are  shown  in  the  sporophyte  and  not  in  the 
tissue  of  the  gametophyte.  (x  140) 


algae.  This  alternation  of 

generations  is  found  not  only  in  all  the  Bryophyta  but  in  ail  higher 
plants.  It  is  generally  believed  that  the  green  land  plants  are 
descended  from  the  green  algae,  and  it  may  be  that  the  alternation 
of  generations  which  is  so  universal  in  the  higher  plants  originated 
in  some  algal  ancestor.  In  the  development  in  the  plant  kingdom, 
however,  it  appears  that  an  alternation  of  generations  has  origi¬ 
nated  independently  in  various  lines.  It  is  doubtful  if  any  alter- 
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loid,  the  sporophytic  generation  ends  with  the  spore  mother  cell ; 
the  spore  is  the  beginning  of  the  gametophyte.  This  alternation  of 
a  haploid  gametophyte  and  a  diploid  sporophyte  is  characteristic 


Fig.  784.  Diagram  of  life  cycle  in  Riccia 

A,  sporangium  with  spore  mother  cells;  this  is  the  complete  sporophyte.  B, 
sporangium  with  tetrads  of  spores ;  the  line  separating  the  sporophyte  and  the 
gametophyte  is  drawn  through  the  sporangium  because  the  sporangnm  belongs 
to  the  sporophyte  while  the  gametophyte  begins  with  the  spore.  C,  a  single 
spore.  D,  spore  germinating.  prothallus  formed  from  spore ;  a  spermatosoid 
is  represented  as  leaving  an  anther idium  and  entering  an  archegonimn.  ,  an 
egg,  with  egg  and  spermatozoid  nuclei  in  contact ;  the  sporophyte  begins  with 
the  fertilized  egg.  0,  the  two  nuclei  have  fused  to  form  the  priory  nucleus  of 
the  sporophyte.  H,  this  primary  nucleus  has  divided 


of  the  bryophytes,  pteridophytes  (ferns  and  their  allies),  and 

spermatophytes  (seed  plants). 

Orders  of  the  Hepaticae.  The  Hepaiicae,  or  liverworts,  contain 
four  orders :  tht  Ricciales,  the  M archantiales,  th.&Jungermanniales, 

and  the  Anthocerotales, 
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Order  Riecmles 

Gametophyte  of  Riccia.  The  genus  Rima  may  be  taken  as  an 
example  of  the  Rkcialcs.  Tiit  gametophyte  is  a  diohotomouslv 
branching  thallus  (Fig.  778).  The  term  ”  (iichotornou.s  branch¬ 
ing  denotes  a  system  of  branching  in  which  the  main  axis  forks 
repeatedly  into  two  equally  developed  jx-irts. 

l'ht>  gametophyte  of  Riccia 
grow.s  in  length  by  means  of 
an  apicjil  cell.  The  thallus 
has  very  numerous  rhizoids. 
These  act  like  root  hairs  and 
sen,'e  both  to  attach  the 


Fic.  785.  Development  of  arcliegonia 

of  Riccia  naians 

Note  that  a  8inj2;Ic  coll  pro] oofs  frorn 
the  surface;  that  the  first  divimnrn 
of  this  ceil  are  loniijitiuiina!  and  sopa-* 
rate  a  central  cell  from  surrounding 
cells  which  will  form  tlu'  wall  of  the 
archegonium;  later,  a  cross  division 
cuts  off  a  cell  which  by  dividing  will 
form  the  sterile  covering  ctdls  at  tlie 
top  of  the  archegonium.  llu*  (‘cnt<T 
cell  divitics  transversely  to  form  the 
ventral  canal  cotil,  and  neck  canal 
cells.  (After  Lewis) 


lie,  7S6,  Slug ti  III,  ilevelopiii^iii 
m  iailieridinai  ef  Rkxm  mmam 

After  l4^wm 

thallus  to  the  substratum  an<i  for  the  absnnifi/m  «.  m 
minerals.  From  the  urnwr  Hurbio..  ,,f  f  '’vattr  and 

there  project  upwar.k”  "“"™ 

fcom  each  other  by  fairly  wijo  apam  (FIk,  779).'  "'rin'  upr’^wli 
of  each  rows  larger  thao  the  „1|,,  it.  pt 

together  to  form  a  sort  of  epidennis 

785!°2f  S  rlaSfa  (S‘--»ar  "1™""“ 

ere  fouad  op 


Fig.  7S7.  Portion  of  a  thalins  of  Marchantia  bearing  two  gemma  cups  witbin 
which  are  many  gemmae 

The  lines  dividing  the  thalius  into  polygonal  areas  mark  the  boundaries  of  air 
chambers,  while  the  black  dots  represent  the  stomalike  openings  into  the 

chambers.  (X  6) 


Fig.  788.  Section  of  a  portion  of  a  thalius  of  Fic.  789.  Gemma  of  Mar. 

Marchantia  chantia  after  the  rupture  of 

.  the  Stalk  cell.  (Xl50) 

Below,  colorless  tissue ;  above,  air  chambers 

with  phototosynthetic  cells.  Note  the  stoma-  Note  the  stalk  cell  below, 

like  opening  into  the  central  chamber  and  and  on  either  side  the 

the  large  cells  which  form  the  side  walls  of  notches  where^  growth  wiH 
the  chambers,  (x  200)  begin 
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The  antheridia  and  the  archegonia  are  formed  near  the  tip;  the 
youngest  of  them  are  found  nearest  the  tip,  and  the  older  ones 

orogressively  farther  from  the  tip.  .  i  , 

P  ^  Sporophyte.  The  fertilized  egg  develops 

inside  of  the  archogonium.  It  gives  rise  to 
a  single  roumU'd  sporangium  without  a 
stalk  (Fig-  This  sporangium  consists 

of  an  ouUu-  la>a-r  of  sterile  cells  and  numer¬ 
ous  cells  which  produce  spores  (Fig.  782). 

The  sporangium  wall  is  an  evanescent  .struc¬ 
ture  which  almost,  entirely  ilisappears  before  the 
spores  an'  mature.  .\s  a  sporangium  grows,  the 
Itase  of  the  archegonium  enlarges  and  comes  to 
be  composed  of  two  layers  of  cells  (Fig.  7.82). 
TIU'  inner  of  these  layers,  like  the  ivail  of  the 
sporangium,  disinti'grates  (Fig.  7s;;k  -\fter  the 
disintegration  of  the  sporamrium  wall  the  mature 
spores  lie  fr.'e  in  th.-  cavity -f  the enlarg.'d  arehe- 
gouium,  and  are  surrounded  by  the  outer  layer 
of  cells  of  the  archegonium  wall  i  Fig.  7S:i).  The 
mature  sporangium  is  therefore  nothing  more 
than  a  mass  spores. 

The  spoFoplivio  of  itteem  liiclv.s  oliloro* 
phyil  iiiHi  is  out irc^ly  «lo|H‘nd(‘nt  tlio  ga- 
inetophyl.e  for  in  nirislirnorit.  The  sfjoro 
phyte  of  tho  RircialrH  is  tlm  simplest  one 
found  in  the  bryophytes.  When  a  s|x)re 
gexminates^  it  prodtiees  a  thallus  Ixairing 

archegonia  and  ant  hern  lia  (hig.  iH4), 

Onler  MarehantudiK^ 

Mmchantia.  'The  }fiirrlmnitakm^  repre- 
Bent  a  higher  development  of  the 

Marchantia  is  one  of  the  mo.sl  highly  (ItwclorM-d  of  the  MarcAan- 
tides.  It  appears  to  he  ciuite  diff.mtmt,  from  Hiraa,  ^ 

there- is  such  a  complete'  series  of  forms  leading  from  tl«- 
Riccides  to  Marchantia  that  somtt  botamsts  pn'fer  to_  mdudt.  the 
Ricdales  in  the  Marchantiaks.  Marchantia  m  dioecious,  tw  the 


Fig,  790,  Archegorsiiam 
of  Mcarchan^ia.  {  X  175) 
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antheridia  and  atchegonia  are  borne  on  separate  plants  on  special 
upright  umbrellalike  branches. 

The  main  part  of  the  gametophyte  is  a  flat  dichotomously 
branched  thallus  (Figs.  787,  791),  in  which  respect  it  resembles 
Riccia,  It  grows  in  length  by  an  apical  cell. 

From  the  lower  surface  there  arise  numerous  rhizoids  which 
serve  as  anchoring  and  absorbing  organs.  The  thallus  is  several 


Fig.  791.  Marchantia 

Left,  female  plant  with  specialized  branches  which  bear  archegonia  on  their  un¬ 
der  surfaces ;  right,  male  plant  with  specialized  branches  which  bear  antheridia 
sunken  in  the  upper  surface,  (X  IJ) 


cells  in  thickness.  The  upper  portion  is  divided  into  polygonal  air 
chambers,  each  of  which  has  a  central  chimneylike  opening  (Fig. 
788).  Within  each  chamber  is  a  loose  arrangement  of  assimilative 
cells  with  chloroplasts.  The  outlines  of  the  chambers  are  plainly 
visible  from  the  exterior  and  give  the  thallus  a  very  characteristic 

appearance  (Fig.  787).  _ 

Gemmae.  The  gametophyte  of  Marchantia  has  a  very  special¬ 
ized  method  of  asexual  reproduction.  This  is  by  means  of  gemmae 
which  are  produced  within  cuplike  structures  called  gemma  cups 
(Fig.  787).  A  gemma  originates  as  a  unicellular  outgrowth  from 
the  base  of  the  cup.  The  upper  portion  of  the  gemma  becomes  en¬ 
larged  and  lens-shaped  with  a  notch  at  either  side  (Fig.  789).  After 
the  gemmae  are  detached  and  scattered,  they  germinate  if  suitable 
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Fic.  '192.  An  archegonial  branch  of 
Marchantia 


A,  portion  of  a  lengthwise  section  of  a 
young  archegonial  branch  (semi-diagrain- 
matic),  showing  a  row  of  archegonia  hang¬ 
ing  down  from  the  lower  surface,  the 
youngest  being  nearest  the  stalk ;  air 
chambers  are  present  on  the  upiier  sur¬ 
face;  I,  one  of  the  finger-like  lobes  back  of 
the  section,  the  diamond-shaped  areas 
mfticfl.t.mg  air  chambers.  B,  a  young 
sporophyte  within  the  parent  archegr>- 
HiiiiB,  I  til©  rcj^ion  wliicli  ib  to  tlio 

spore  case  is  indicated  by  the  cross  lines, 
and  the  small  foot  is  attached  h)  the 
base  of  the  archegonium ;  e,  a  special  en¬ 
velope  developed  around  the  archegonia  of 
Marchanlia 


conditions  are  present.  A  ^ 

growing  point  is  located  in  ;• 
each  notch,  and  so  growth 
from  a  gemma  starts  in  two 
opposite  directions. 

Archegonia  and  anther- 
idia.  The  archegonia  (Fig. 
790)  are  found  on  the  lower 
surfaces  of  special  branches 
which  grow  on  female  plants 
(Figs.  791,  792),  while  the 
antheridia  (Fig.  793)  are 
sunk  in  the  upper  part  of 
somewhat  similar  branches 
on  male  plants  (Fig.  791). 
The  antheridia  and  arche¬ 
gonia  are  very  similar  to 
those  of  the  Kicciales.  The 
umbrella  shape  of  the  repro¬ 
ductive  branches  is  due  to 
the  reiieated  forking  of  the 
apical  <a*lls.  'I’his  results  in 
the  radial  arrangement  of  the 
umbrellalikc  top,  and  in  the 
arrangement  in  rows  of  both 
archegonia  and  antheridia. 
The  stalk  of  an  archegonial 
branch  when  ready  for  fer¬ 
tilization  is  very  short,  and 
80  (Fig.  797)  sfKjrmatozoids 
swimming  in  water  on  the 
Hurfaeti  of  the  veget  ative  por¬ 
tion  of  the  thallus  can  reach 
the  archegonia.  After  the 
eggs  arc  fertilized,  the  stalk 
elongates  and  carries  the 
developing  sporophytes  up 
into  the  air  (Fig.  791). 


um 
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The  fertilized  egg  germinates  within  the  arcliegonium  and  de« 
velops  into  a  sporophyte  (Fig.  794).  This  is  more  coniplic^ated  than 
that  of  Riccia  in  that  it  consists  of  three  parts :  a  rounded  sporan¬ 
gium,  an  elongated  stalk,  and  an  absorbing  struct  lire,  the  foot, 


Fic.  795.  Sporophyte  of  Marckamm  before  elongition  of  the  ittik 

Mow  is  the  large  sporangium;  aliovc  this  In  the  stalk,  aiui  above  the  «talk 
the  foot  embedded  in  the  archepmium.  The  upper  limit  of  th**  fo<u  in  nhmn 
as  a  dark  line.  Note  portions  of  i*Iafers  aiiKUig  f  x  Kfi) 

which  is  imbedded  in  the  tisaie  of  the  uiiitirellahke  top  of  the  iirclH> 
gonial  branch  (Pig.  795).  The  sporophyte  of  Marchmim,  like  that  of 
Uicaa,  is  without  chlorophyll  and  is  ent indy  df»f>fu‘i« lent  on  the  ga* 
metophyte  for  nourishment.  This  is  uUmlmi  through  ttie  foot.  An 
the  sporophyte  develop,  the  archegoniura  enltir^hs  and  rt^riiiiina 
as  a  cover  around  it.  This  covering  m  known  as  the  mlyptm.  Aa 
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Fig.  796.  Vertical  brancli  of  fe¬ 
male  thallus  of  Marchantia  with 
many  sporophytes.  (X  24) 


the  sporangium  is  maturing,  the  stalk  elongates  rapidly  and  shoves 
the  sporangium  through  the  calyptra.  This  elongation  of  the  stalk 
carries  the  sporangia  downward  so  that  they  are  freely  exposed  to 

the  wind  (Fig.  796).  The  spores  are 
thus  in  a  favorable  position  for  dis¬ 
semination  by  wind  when  the  sporan- 
gial  wall  ruptures.  The  sporophyte 
of  Marchantia  is  more  complicated 
than  that  of  Riccia  not  only  in  that 
it  has  a  foot  and  a  stalk  in  addition 
to  a  sporangium,  but  also  because 
some  of  the  cells  in  the  sporangium 
remain  sterile  and  form  elaters. 
These  are  greatly  elongated  cells  with 
spiral  thickenings  (Fig.  797).  They 
are  hygroscopic  and  bend  and  twist 
with  changes  in  humidity,  and  in  this 
way  assist  in  scattering  the  spores. 

The  complicated  mechanism  for  the  dissemination  of  the  spores 
of  Marchantia  is  in  marked  contrast  to  the  lack  of  any  special 
method  in  iSicaa.  In  the 
latter  the  spores  are  set  A 

free  only  after  the  disin-  |  J 

tegration  of  the  thallus. 

In  Marchantia  the  elon¬ 
gation  of  the  stalk  of  the 
archegonial  branch  car¬ 
ries  the  sporangium  up 
into  the  air,  while  the 
elongation  of  the  stalk 
of  the  sporophyte  places 
it  in  a  freely  exposed  po¬ 
sition  ;  elaters  then  take 
part  in  the  scattering  of 
the  spores. 

A  spore  of  Marchantia  germinates  directly  and  forms  a  gameto- 
phytic  thallus  which,  as  we  saw,  bears  archegonia  and  antheridia. 


Fig.  797.  Conocephalus  conicus^  one  of  tlie 
Marchantiales  closely  related  to  MarchaMia 

Aj  two  spermatozoids ;  B,  an  elater;  C,  sec¬ 
tion  of  air  cavity.  (A,  B,  after  BoUeter) 
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Relationdhp.  The  Marchantiaks  seem  to  be  clearly  derived 
Kelanonsmp.  mrriales  and  to  represent  a  Ime  of 

themselves. 

Order  JungermaJinisles 

p  j.1.  w%Kiave  nf  filial  order  I'uive  ti  siniple  tluillus  (1 

Some  of  the  “'“*>*'!  into  =t™.e  end 

no^^cielieed  eo„d«cli.«  cell,,  A  U-at  coeiste 
tissues  ana.  nave  u  ,  „,i,irib  The  arc.hepima  and  the 

of  a  single  layer  of  ^  The 

anthendm  are  simdar  ,4  s„i,  ri.nihr  lo  tliat 

rf  ttoMoSaiilto  tothat  it  consists  of  ,a  sporangium,  a  (ool ,  and 

“'Ssnorophyte  of  the  JunjermonaWrs  is  more  roinples  than 
but  the  simplest  thnili  foun.  aiuong  the 
Hepoiicae  occurs  in  some  of  the  thallus  inem  sers  o  us  on  i 


Order  A.tt^‘hoc€T>otG>i& 

Anthoceros.  The  gametophyte  of  the  AnOiocmMes  is  a  simple 
thallus  but  the  sporophyte  is  more  complicated  than  that  <»f  any 
othCT  order.  Anthoceros  (Fig.  802)  may  1»  taken  an  an  ex>unp!e. 
In  this  genus  the  sporophyte  (Fig.  803)  connintn  of  a  banal  tilwnrlH 
ing-organ,  the  foot,  and  a  terminal  club-nhaiHul  Hponuigmm.  Near 
thi  biethereis  ameristematic  region,  the  activity  of  ‘ 
the  sporangium  to  increase  in  length.  The  outer  part  of  tlu  npo- 
rangium  consists  of  sterile  cells,  and  in  the  exmter  there  in  a  co  uiun 
of  sterile  cells,  the  columella.  The  sporea  are  fornied  ted  ween  tl»w 
two  sterUe  regions.  As  the  spores  in  the  tip  of  tht‘  nporangui  n 
reach  maturity  the  upper  part  of  the  sporangium  splits  and  the, 
spores  are  liberated  (Fig.  802).  As  more  siK.n^n  mature  the  «!»- 
rangium  continues  to  split.  In  this  way  tlie  siKjrangium  is  ,  - 
timmlly  liberating  spores,  while  new  spores  arc  teung  pnMlu«.d 
result  of  the  activity  of  the  basal  meristem. 
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Fig.  798.  Thailus  of  Pellia  (one  of  the 
Jungetmanniales)  with  unopened  and 
opened  sporophyte.  (X2) 


799.  Spermatozoid  of  Pellm 
epiphylla.  ( X  140Q) 

After  Guignard , 


Fig.  800.  Leafy  liverworts 


In  the  drawing  at  the  left  each  leaf  con- 
aisis  of  a  large  and  a  small  lobe ;  on  the 
left  side  there  is  a  sporophyte  which  has 
elongated  out  of  the  perianth  and  has 
opened ;  above  this  sporophyte  is  another 
which  is  still  enclosed  within  the  perianth 
(x  4).  In  the  drawing  at  the  right,  each 
leaf  consists  of  a  large  and  a  small  lobe 
(X  1) 


Fig.  801.  Longitudinal  section 
through  sporophyte  of  PtUidium, 
one  of  the  Jungermmniales 

The  sporophyte  consists  of  a  spo¬ 
rangium,  stalk,  and  foot,  (x  20) 


While  the  thalli  of  the  Anthocerotalcs  are  simple  the  sporophytes 
are  the  most  advanced  found  in  the  Hepatica.  1  hey  resemble  the 
sDorophvtes  of  the  Musd,  and  also  those  of  the  I  tenthpltyta  and 
Spermaiophyta,  in  having  stomata  and  assinuiatmg  tissue  \vi  i 
chlorophyU.  Owing  to  the  presence  of 

is  only  partially  dependent  on  the  gametophyK .  It  tlu  i  n  of  tiie 

sporophyte  of  Anthoceros  were  developed  into  a  root  t  he  spuro- 
sporopuyu«  indi'peudent 

4 If  \  plant. 

/  I  Relationship  of  Hepaticae.  Most 

botanists  have  long  believed  that 
the  liverworts  represent  an  early 
stage  in  the  dt'vcdiipnu^ut  of  laud 
plants  and  that  they  gave*  rise  to 
the  ferns,  Ivcopoiis,  and  all  hight^r 
plants,  d'he  gametuphyte  of  a  li%er- 
wort,  according  to  this  theory,  is 
hardly  more  than  an  algal  thallu.s 
which  has  left  the  water  ami  come 
to  live  on  the  land.  In  support  of 
tliis  view  it  may  1hi  pointed  out 
that  the  gametuphyte  has  a  very 
Fic.  802.  Thallus  of  ilntJioceros  simple  structure  without  u  vaseular 
with  six  young  unopened  sporo-  Oj.  j-ools  and,  in  what  are 

S  r.B.rfc.1  a..  Ih,.  ,.ri„,itiv,. 

colnmcllae  in  the  center.  (  X  li)  types,  not  difTerentiateti  into  stmns 

and  leaves.  Also,  many  forms  can 
live  only  in  very  damp  places,  and  all  have  swimming  siHTinato- 
zoids,  which  necessitate  the  pre.sence  of  actual  wuti-r  for  the  prof¬ 
ess  of  fertilization.  The  sporophyte  of  the  //c/«i//rae  is  n-garded 
as  essentially  a  new  structure,  characteristic,  of  land  plants,  and 
it  is  the  development  of  the  H{)orophyte  that  has  led  to  the  <*volu- 
tion  of  the  higher  plants.  According  to  this  theory  the  liverwmrtr 
developed  from  a  simpler  form  than  any  known  at  pn'wnt.  Ihh 
form  must  have  combined  a  sporophyte  at  leaat  a«  simple  ns  that 
of  Bicda  with  a  gametophyte  which  wiw  no  more  complicatet: 
than  that  of  the  simplest  of  the  thalhia  Junytrmmnmks.  Fron 
such  a  simple  ancestral  form  we  can  think  of  devtdopinent  w 
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Fic»  803.  Anthoceros 

i4,  section  tlirougb  sporangium  and  surrounding  portion  of  thallus  (x  31). 
The  lower  part  of  the  sporophyte  is  a  foot,  above  this  is  a  meristematic  region, 
and  still  higher  up  are  progressively  older  stages  in^  the  formation  of  spores. 
Note  the  sterile  columella  in  the  center  and  the  sterile  tissue  siOTOunding  the 
spore-bearing  portion.  In  the  drawing  the  sporogenous  tissue  is  darker  than 
the  sterile  tissue.  B,  cross  section  of  sporangium  showing  columella  in  the 
center  surrounded  by  sporogenous  region.  C,  B,  E,  show  successive  stages  in 
spore  formation  as  seen  in  longitudinal  section  (x  105) 
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having  taken  place  in  three  directions.  The  first  line  leads  through 
the  Riccicdes  to  the  Marchaniiales  and  culminates  in  such  compli¬ 
cated  forms  as  Marchantia.  The  second  line  proceeds  from  the 
simple  thallus  Jungermanniales  to  the  more  complieati'd  types  of 
the  leafy  Jungermanniales.  In  the  third  line  we  .see  the  di'velop- 
ment  from  the  simpler  Anihocerotales  to  Anthorcros. 


Fic.  804.  A  group  of  antheridia  of  Flc.SU.^.  LonRitudinal  section cf  young 

Amlwceras  mihryoof  Amhoarm  pmtMmi 

Bach  antheridium  consists  of  a  stalk,  1'he  cells  with  nuclei  will  Rive  rise  to 

a  covering  of  sterile  cells,  and  many  Hpore-producing  tis.sue.  (After  C  iiiinv- 
sperm  cells,  (x  215)  Ixdl) 

Many  features  found  in  the  liverworts  indieiite  tin  tuu-e.stry 
among  the  green  algae.  These  include  the  Hame.  tyin;  of  pigmentti- 
tion  as  in  the  green  algae ;  the  storage  of  food  in  the  form  of  starch ; 
and  biflagellate  spermatozoids. 

CLA.SS  MUSCI  (MOSSES! 

General  characteristics.  Mosses  are  fairly  small  plant  h  in 
which  the  gametophyte,  during  the  greater  part  of  its  lif<%  consisih 
of  a  stem  with  small  leaves  (Fig.  H(K)).  The  sporophyte  is  eon-, 
spicuous  to  the  naked  eye,  tint!  tipixtars  as  a  large  ehtinief eristic 
capsule  at  the  end  of  a  long  stalk  (Fig.  HtMi).  In  nearly  till  eases 
there  is  a  distinct  midrib  in  the  leaf.  The  pnisenet*  or  abmmet*  of  a 
midrib  is  often  a  convenient  way  of  distinguishing  Ijelwevn  leafy 
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liverworts  and  mosses.  Usually  the  mosses  can  also  be  distin¬ 
guished  from  the  leafy  liverworts  by  the  fact  that  their  leaves  are 


Fig.  806.  A  common  moss  (Catharinea  wididata) 

Showing  the  branching  leafy  moss  plants 

like  mass  of  protonemal  filaments  and  bearmg  sporophytes.  (After  bachs; 

spirally  arranged.  Nearly  all  mosses  have  not-only  ^  midrib  con¬ 
taining  conducting  cells,  but  also  a  central  strand  of  conducting 
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tissue  iu  the  stem.  Mosses  do  not  have  roots,  but  .are  abuu.hmtly 

supplied  with  rhizoids.  e,rf.l,ftFoni'i  and  antlieridiu  whieli, 

The  gametophytes  produce  f.  thus.-  >,(  t lu> 

whiledifferentmdetails  bearag^^  liverworts,  are 

liverworts.  The  spermatozoids,  hk^  ‘'j  arehcg*  nmmi 

biflagellate.  The  fertdrzed  egg 

which  is  perniaiu'ntly  ;itt ached  to 
the  gainctophyte  by  a  foot  as  in 
the  liverworts.  Tiie  sporangium, 
or  capsule,  of  the  inos.ses  is  a  very 
spccializetl  striieture  (Fig.  8bS). 
Moshcs  tiro  luupli  nuin*  iuibuwouh 
than  liverwcsrtH  hulli  in  spotios 
and  individuals,  but  llicy  are  much 
more  uniform  in  sirticture. 

Most  mossi'sgrowonthegrtmml, 
and  mosses  may  cover  considerable 
areas.  'Phey  often  grow  on  tree 
trunks;  in  the  cloud  belt  on  tropi¬ 
cal  mountains  they  may  form  thick 

coatings  on  the  trunks  and  branches 

of  trees.  Mo.Hses  also  occur  in 
various  other  situations,  as  on  de¬ 
caying  wood  and  eith(*r  damp  or 
exposed  rocks. 

I'he  first  stage  of  a  gaine- 
tophyte  is  kmtwn  as  the  protonema 
(Fig.  807).  The  cells  of  the  proto¬ 
nema  contain  chlorophyll,  tmd  the  protorotma  is  an  imhia-ndcnt 
plant  manufacturing  its  own  food.  In  most  mo»«*s  i  ns  i.s  a 
teanched,  fflamentous,  algalikc  atnicture  from  winch  the  hadj 
shoots  arise  as  buds.  In  a  few  of  the  most  prinnt.ve  mosm-s  the 
protonema  is  a  thallus  resembling  a  small,  simple  thallua  gtantdo- 
phyte  of  a  liverwort. 


Fig.  807.  A  young  plant  of  a  com- 
mom  moss  {W  eh  era) 

Showing  ita  attachment  k)  the  pro- 
tonemal  filaments  which  !>eai‘  re¬ 
productive  buds  h 
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Order  Sphagnales 

Sphagnum.  All  of  the  Sphagnales  belong  to  the  genus  Sphag¬ 
num,  which  is  generally  regarded  as  the  most  primitive  of  the 


Fig.  808.  The  peat  moss  (Sphagnum) 

mosses  (Fig.  808).  The  protonema  is  a  flat  thallus  from  which  a 
much-branched  leafy  shoot  develops.  The  sporophyte  is  very  dif- 
fetent  from  that  of  the  typical  moss  and  much  less  comphcated. 
It  consists  of  a  globular  capsule  and  a  foot,  which  are  connec  e  y 
a  narrow  neck  (Fig.  809).  During  the  development  of  the  sporo- 


ohvte  it  is,  iiK:e  that  of  j  .  oAm  ''  4 

Lchegonium,  which  forms  a  covering,  or  calptra  (hig  a)9).  A 
C  part  of  the  capsule  is  occupied  by  stode  tissue  ihe  spore 
ca4y^is  dome-shaped  and  surrounds  and  overarches  a  sterile 
cXmeUa.  At  the  top  of  the  capsule  is  a  cap.  or  operculum,  winch 


Fic.  809.  The  sporophyte  of  the  peat  rnonn  (.SphafrnMni) 


A  eroun  of  the  aporophytes  on  stalks,  which  an^  really  growths  from  the  Kanw‘- 
to’nhvte^  B  longitudinal  section  through  s  «is>roj>hyte,  showing  the  large  fistt 
2bSed Ik  tKp  of  the  stalk :  «,  the  remains  of  the  parent  arehegon.u.n, 
"with  the  neck  still  present ;  »,  sjsire  chamlsT;  c,  w'VtT,  or  oiH-miluni 


is  separated  from  the  remainder  of  the  capsule  by  a  K^oov^^  W  hen 
the  capsule  is  mature,  the  operculum  comes  off  tts  a  lid- 


Leaf  of  Sphagnum.  The  leaf  of  Sphagfm”^  consists  of  a  smgle  layer 
of  cells  without  s  midrib.  It  is  very  fKtcuIiar  in  that  it  contams  Iwth  Uvttig 
and  dead  cells.  The  living  cells  are  small  and  fonn  a  network  in  t  o.-  luesh.-,-; 
of  which  are  found  the  large  dead  cells  (Fig.  811).  Ihts 
tFansparent,  and  there  is  usually  a  circular  opcamg  m  the  wall.  1  ho  dead 


Bryophyta  677 

cells  are  often  filled  with  water,  and  it  is  due  to  their  water-holding  capac¬ 
ity  that  Sphagnum  is  useful  for  packing  living  plants.  When  dry,  the 

leaves  absorb  liquids  readily,  and  for  this  reason 
Sphagnum  is  useful  for  surgical  dressings. 

Relationship  of  Sphagnum^  While  there  are 
many  points  of  difference,  the  mosses  are 
closely 'related  to  the  liverworts  and  appear  to 
have  been  derived  from  them.  There  are  strik¬ 
ing  resemblances  between  Sphagnum  and  the 
Anthocerotales,  Among  these  is  the  simple 
thallus  protonema  of  Sphagnum.  A  very  impor- 
tant  point  is  the  presence  of  stomata  and  gio.  Spetmato- 
chlorophyll  in  the  sporophyte  in  both  cases,  _  Sphagnum 

Still  another,  important  point  is  that  the  spore-  _  fimhriatum 
producing  tissue  of  Sphagnum  surrounds  and  After  Guignard 
overarches  a  sterile  columella  just  as  in  young 
sporophytes  of  the  Anthocerotales.  In  fairly  young  stages,  be¬ 
fore  the  capsule  has  expanded,  the  sporophyte  of  Sphagnum 
is  strikingly  like  a  young  sporophyte  of  Anthoceros  (Fig.  805). 


Fig.  811.  Leaf  of  Sphagnum 

T.eft  surface  view :  the  thin  shaded  cells  are  the  living  wUs  with  chlorophyll, 

Seto?^"^lo^bythefivingceUsarethedeadcelk^ 

ousthickeningsonthewaUsoftheseandthe^ 

Of  leaf  cut  across  the  view  shown  on  the  left ,  note  me  smau  uviug  v. 

.  the  large  dead  empty  cells 


k.  *•'’'*  I 


Peat  mosses.  Mosses  are  a  promincm;_  t•on^^luu.uu,  ...  jn,.-vu  uuRa. 
These  occur  in  depressions  containing  fairly  still  wattT.  I'ho  mosses  grow  in 
from  the  sides  and  form  a  tioating  mass.  As  the 
mosses  and  other  plants  associated  with  them 
continue  to  grow  upward  the  lower  layers  are 
forced  downward,  and  dead  plant  ren»aias,  known 
m  accuiiuilate 

funder  ttin  living  cuver. 
In  tlie  niursn  cif  tiiue 
li'in  tiepressinii  k  filliHi, 
but  the  mosses,  owing 
to  their  ability  to  al>- 
sorl:>  arid  liolcl  larp 
quail ti ties  of  wiiteri 
may  iumtimie  fo  grow 
until  the  hog  k  raised 
consisleraldy  abovt‘  its 
original  h  »vel  aiel  {‘ven 
almve  tlie  lc*'Vcl  of  the 
siiiT'Oii riiiirig  area,  Tlie 
low«»r  layers  of  idaiit 
remains  beconn^  roin- 
pres<rd  and  partially 
earlwid^eii,  forming 
fMavt.  d1u*se  dt‘|KKsite 
^  of  fMiat  an*  c’lit  into 

^  ^  rm  *  - »  blfiC’ks  mid  itseil  as 

813.  The  amhernl-  j.  the 

mm  of  a  fomnion  «w>fe»  '  *  -  '  .  * 

{Fumirml  treatisl  so  a- 

to  improve  its  value 

jmthernliumi  B,  ea*  Bphminum 

Fic.  812.  A  smgle  aw-  eapmg  HpermatonwiH ;  .  J  ; 

tiioridmm  of  a  moss-  aamKles|H*rmatonml,i«ita  ^  ^  ^  i»avin  .s. 

(Xl55)  parental!.  (After  »Sadi»)  foniieci 

by  ti  prtieesH  Hoiaewliiii 

similar  to  that  which  gives  rine  to  peat*  The  plants  were  diffiTent,  anci 
their  remains  accumulated  not  iu  laigs  luit  fw  iriiick  in  the  HWf«ii|.m  or  oimjii 
waters  of  past  ages. 


Fig.  812.  A  single  aw- 
tiieridiwm  ef  a  mms* 
(xUS) 


Fig.  813.  The  awtk^rid- 
ium  of  a  fowiniow  «w>fe» 
{f  unarm  I 

A,  aiithcrhliuin  I  B*  es¬ 
caping  Hpcrmatoniids ;  Ch 
aamgles|H*rmatondtl,  in  its 
parent  cell.  (After  iSachs) 


General  characteri 
and  a  very  small  ordi 
eluded  in  the  BryakB.  For  so  larift  a  group,  ilm  stnictiire  is  very 
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uniform.  The  gametophyte  is  characterized  by,  starting  out  as  a 
filamentous  protonema  from  which  the  leafy  branches  arise  as 
buds  (Fig.  807).  It  is  characteristic  of  the  Bryales  to  have  the 


Flc.  814.  A  single 
archegonlimi  of  a 
moss.  ( X  150) 


antheridia  (Figs.  812,  813)  or  archegonia  (Fig. 
814)  in  groups  at  the  ends  of  branches  (Fi^. 
815,  816).  The  leaves  around  them  are  often 
slightly  modified  so  that  the  fertile  tip  has 
something  of  the  appearance  of  a  flower.  This 
is  particularly  true  of  the  antheridial  heads  of 
some  genera. 

The  capsule  is  borne  at  the  tip  of  a  long 
stalk,  and  is  a  rather  highly  developed  and 


Fig,  815.  Gametopiiyto  of  a  moss,  showing  a  group 
of  antheridia  and  archegonia  .at  the  tip,  (X  7) 


complicated  affair  (Figs.  817,  818).  During  the  early  stages  of  its 
life  it  is,  like  that  of  Sphagnum  and  Marchantia,  surrounded  by 
a  calyptra  formed  from  the  archegonium.  As  the  stalk  expands, 
the  calyptra  is  carried  upward  as  a  covering  over  the  capsule 
(Fig.  817).  Only  a  minor  proportion  of  the  tissue  of  the  capsule 
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forms  spores.  This  sporogenous  tesue  is  in  the  form  of  a  Wtow 
cylinder  which  surrounds  a  large  columella  (Ijig.  Mh).  Between 
the  fertile  region  and  the  wall  of  the  sporang.um  there  ts  a  region 
with  very  loose  tissues  and  large  air  spaces.  .\  constderable  pro¬ 
portion  of  the  capsule,  including  this  loose  tissue,  coutams  chloro¬ 
phyll  and  serves  for  assimilation  (Fig.  818). 


Ftc.  816.  Secilsn  tbroujh  .  lip  ol .  cm.  ptot.  •!■'>«»«  "<  ■"W"“ 

The  uchegonium  on  the  Iclt  h,«  ml  yH  ;  the  one  in  tin  crate,  htshora 

in  mtetinn.  (x  HO) 

The  sporogenous  tissue  does  not  reach  over  tlie  top  <»f  the 
columella  as  in  Sphagnum.  Instead,  th(‘  upjxT  part  of  the  capsule 
is  composed  of  rather  ssmall  cells  and  is  diffcrimtiatcd  mto  two  dis¬ 
tinct  structures.  The  upper  part  k»c<mu!s  a  lid  or  uiKTculmn  which 
is  shed  when  the  capsule  is  mature  (Figs.  817,  81H).  Ihdow  this  w 
the  peristome,  which  slits  into  toothlike  w-gmeiit«  {Fig.  820) 
thus  makes  an  opening  in  the  top  of  the  cajisule  (tig.  Rl*). 


Fi€.  817,  Gamelopliyte  and  sporopliyte  of  Fig.  818.  Longitudinal  section 
a  moss  of  capsule  of  Funaria  hygro- 

Left,  a  mo&8  gametophyte  bearing  a  sporo-  Metrica 

phyte ;  note  that  the  sporangium,  or  capsule,  p,  peristome;  o,  operculum; 
is  covered  by  a  hood,  or  calyptra,  which  was  o,  air  space ;  s,  spore-forming 
originally  a  part  of  the  archegonium  wall  tissue;  c,  columella;  si,  sto- 

( X  1  §) ,  Upper  right,  a  capsule  with  calyptra  mata.  The  lightly  shaded  tissue 

removed;  the  upper  portion  is  different!-  contains  chloroplasts  and  serves 
ated  into  a  lid,  or  operculum.  Below  this  for  photosynthesis.  (Modified 
figure  is  shown  a  capsule  with  the  operculum  after  Haberlandt) 

removed ;  note  the  fringe  of  toothlike  ap¬ 
pendages  known  as  the  peristome  (x  3) 
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Flc.  819.  Young  sporangium  of  Funarui 

•  ^ whit’ll  is  nect^ssarv  for  the  growth 

Left,  longitudinal  section  VL  ;  grows  hv  niemw  of  an  apical  cell 

of  the  capsule.  In  having  a  sporopl  U  ™  ^  rross  sect  ion  of  Hporangium. 
the  Bryales  resembk  the  ^  conipoHc  tlu'  sporc-producing  tissue. 

The  cells  in  which  the  nuclei  "  J,’  ’^1,  pu.r  stage,  showing  early 

Eight,  cross  section  of  ^  ,.Vft,.r  U'clerc  th  Sai.lon) 

stage  in  the  formation  of  air  spat cs.  t-vnt 


Peristome.  Usually  the  peristome  is  fornmri  froi.i  a  single  layer  of  cells 

fFk  818)  The  upper  and  ll.wor  walls  of  thi.s  layt.  iK-eome  greatly  thick- 

(hig.  A  1 1  jt lining  tliPiu  niiieh 

thinner  Hie  rusult  is  Unit  ftieri’  are  two 
sheets  t)f  tiiiek  wails  joined  i^v  thin  wiills. 
Wiien  the  eapsule  ripens  ami  dries,  tlie  peri- 
stomn  spliiH  h)  form  segments  of  mneh^tlie 
same  shape  as  tlie  sliees  into  whieli  a  pie  is 
cut  (Fig.  B21)).  These  m%nivnt>  are  attaeliai 
to  the  capsule  by  tlndr  broad  bases  ami  form 
the  peristome  toetln  Ah  thc'  upper  and  lower 
surface  of  each  st^gmeni  are  rom|K3He«hif  thick 
walls  which  are  lield  htgetlmr  by  thin  walk, 
(Iiydiig  cauHi’H  tlie-  upper  and  loi’iter  layer  of 
each  segment  to  split  apart  ^  thus  formini^  a 

dou!)le  layer  of  teetlu  ^ 

When  the  cnipHuie  is  mature,  the  tiHSiiesHi 
the  neipthborhood  id"  tin*  s|w>fogtmouH  region 

break  down  ko  that  thi*  occur  iii  a  loom 

IKiwdery  mw.  The  sx-rirfome  Urih  are  hy- 
grosoopic,  and  are  rougheiiwi  by  iiortimm  of 
cell  walls  which  are  attached  to  them.  Wlum  they  an;  wet  ur 
by  high  humidity,  they  lieiid  into  the  sjwrMigta ;  when  dry,  they  Und 
outward.  In  this  way  they  mxtn  bi  mmi  in  the  dim'mmatimi  of  Hjwre  , 
as  they  bring  out  spores  when  it  is  dry  and  tl»e  HS>ore«  i-an  1«;  scatU  rel 
by  the  wind. 


Fig.  820.  Top  view  of  peri- 

slome  of  a  moss 

Note  that  it  is  split  int,(> 
sections  and  that  it.  is  rouRh 
owing  to  projo-cting  col! 
walls.  (From  Bergen  aft<i 
Caldwelh  Pfoxtical  Bokmy) 
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PositioE  of  mosses  in  the  plant  kingdom.  The  mossesj  as  we 
have  seen,  appear  to  be  descended  from  the  liverworts.  In  them 
there  has  been  a  higher  development  of  both  gametophytes  and 
sporophytes.  The  capsule  of  the  latter  has  become  highly  special¬ 
ized.  That  the  specializations  found  in  mosses  have  fitted  them 
extremely  well  for  the  struggle  for  existence  is  indicated  by  the 
large  number  of  species,  and  particularly  by  their  wide  distribution 
and  the  enormous  number  of  individuals.  However,  they  do  not 
seem  to  have  developed  into  anything  higher  than  themselves.  It 
is  probable  that  while  their  high  degree  of  specialization  has  fitted 
them  for  a  very  successful  existence,  it  has  made  them  unfitted  for 
development  along  new  lines. 


CHAPTER  XXVII 

DIVISION  PTERIDOPHYTA  iFKRNS  AND  FKK.N  ALLIES) 


General  characteristics.  The  ferns  are  the  eonunonest.  and  best 
known  of  the  living  pteridophytes.  Also  eoininon  and  wvll  known 
are  the  lycopods  or  clubinosses,  some  of  the  t('rrestrial  s|X'cies  of 


Fic.  821.  A  group  of  large  tree  ferns  (Cyuthea^  in  a  mowntain  forest  in  the 


which  sre  known  as  groiiiwi  pines*  A  lliird  eorniiion  ainl  familiar 
group  comprises  the  horse t4ulH  or  scouring  rushes. 

In  the  Pteridophyia  the  sporophyte  i.s  the  etwispicuous  and 
familiar  plant,  while  the  gametophyte  is  always  small  and  incon¬ 
spicuous.  The  gametophyte  is  in  generatniueh  less  tievelo{>ed,  and 
is  simpler,  than  that  of  the  Bn/ophyta.  'Fhe  sporophyte  is  usually 
a  large  or  relatively  large  plant,  is  different  iateii  into  stenw  and 
leaves,  and  in  nearly  all  ca-ses  has  rotAs.  In  its  early  stages  it  is  like 

t»4 


Fig.  822,  Spore-plant  of  a  fern  (Aspidium  Filix^mas) 


A,  part  of  rootstock  and  fronds,  not  quite  one-sixth  natural  sise;  fr,  yomg 
fronds  unrolling  (not  usually  found  at  the  same  season  as  the  mature  ^nds). 

B,  under  side  of  a  pinnule,  showing  sori  s.  C,  section  through  a  sorus  at  ngM 
angles  to  surface  of  leaf,  showing  indusium  i,  and  sporangia  s.  »,  a 
dilharging  spores.  (B  is  not  far  from  natu^  size  C  and  D  are  considerably 

magnified.)  (After  Wossidlo) 
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the  sporophytC'  of  the  Bryophyta  in  that  it  is  attached  to  the  game- 
tophyte  by  a  foot  and  is  dependent  on  the  gametophyte  for  nour¬ 
ishment.  Soon,  however,  it  develops  its  own  stems,  leaves,  and 
roots,  and  becomes  independent  of  the  gametophyte,  which  goes  to 


Fi€.  825.  Section  of  a  stem  of  a  maidenhair  fern  (Adiantum) ,  showing  a 

siphono  stele 

Note  that  there  is  a  central  pith  composed  largely  of  thick-walled  sclerenchyma 
cells,  and  that  outside  the  stele  is  a  wide  cortex.  The  xylem  is  bordered  on 
both  sides  by  phloem.  (X  35) 


pieces  and  disappears.  The  sporophytes  are  long-lived  plants,  and, 
in  addition  to  their  vegetative  organs,  produce  large  numbers 
of  sporangia.  As  ferns  are  the  commonest  of  the  pteridophytes 
and  as  their  life  history  is  easily  observed  and  studied,  the  expen- 
mental  cultivation  of  many  species  being  comparatively  easy,  the 
typical  life  history  of  a  fern  affords  an  exceUent  type  for  the  study 
of  Ptmdophyta. 
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Sporophyte  of  a  fem.  The  .sporophyte, 
of  ferns  (.F'S-  •''-I  I  varii's  ^rreatly  in  size, 
raiiRinir  fnmi  small  innssiike  speeies  to 
the  tall  tree  ferns.  The  stnieture  and 
appearance  alst)  vary  greatly  in  ditTerent 
cases.  The  sporupiiyte  of  typical  ferns 
has  a  fair-sized  stein,  a  few  larf^e  leaves 
(Fijt.  8221,  anil  numerous  roots.  A  very 
characteristic  fiaitun'  of  ferns  is  the 
manner  in  which  the  yoniiK  leaves  are 
coiled  cireinaiely  (FIks.  S22,  S2S). 

The  ferns  have  highly  <levelo{>ed  vas¬ 
cular  bundles.  Tlie  chararf eristic  tyjX' 
in  the  stems  of  ferns  is  concentric 


Fw.  827.  Cross  section  of  stele  of  «  fem  (Cyclaphorm  Wweiul .  in  which 
leaf  gaps  are  so  long  that  there  appear  to  he  five  separate  huntlle*  in  the  stele 

Note  the  aclerenohyina  in  the  oonter  of  the  stele  and  also  the  cylinder  of  ichs- 
renchyioa  umix  the  outside  of  the  cortex.  (X  60) 


Fic.  826.  Diagram  of  a  si- 
phonostele  of  a  fern,  show¬ 
ing  leaf  gaps  where  leaf 
traces  leave  the  stele 


Fig.  829.  Sporangia  of  a  fern  (Pteris  longifoUa) 

Left,  entire  sporangium;  center,  sporangium  open^  by  the  bending  back  of 
ttrailulus  (L  row  of  thick-walled  cells) ;  right,  the  annulus  has  returned  to 
^original  position,  which  movement  resulted  in  the  scattermg  of  the  spores. 

(X  85) 


(FiK  823),  the  xylem  bemR  surrouuucu  ..v 

primitive  type  of  stele  is  a  protostele  (Ki^.  82.n,  .>r  sohd  stele,  in 
which  there  is  no  pith  within  the  vascular  system.  more 
advanced  type  is  the  siphonostf'le  (Imk.  82o),  in  which  the  eascular 
system  is  in  the  form  of  a  cylinder  that  encloses  a  central  pith; 
where  a  bundle  that  supplies  a  leaf  leaves  the  sip  u most  ele,  an 
opening,  or  leaf  gap  (Fig.  S26),  occurs  in  the  cylinder  above  he 

place  of  origin  of  the  leaf  bundle. 
/mjrrfTK  When  tliese  gaps  are  greatly  elon- 
'  n  sated  and  extend  through  several 

Vf  (iXniy  ‘'f 

if  \uVn  coarse  mesh,  and  in  cross  section 

'  n  composed 

**■  J^eparate  bundles 

V-W  ^  f  f  (Fig.  827) ;  such  a  iy{i<'  of  stele  is 

jQ  jV/  A-A  merely  a  modification  of  a  simple 

U  S,i>A  siphonostel(>,  but  is  frequently 
</  J&  ealled  a  polystele.  It  may  be  fur- 

(}  a  ther  complicated  by  the  formation 

^  ))  f  of  extra  bundles  wliieh  develop  a.s 

ff  ^  branchesfrom  the  original  cylinder. 

V  In  primitive  siphonosteles  the 

Fic.  830.  Germination  of  fern  xyloui  is  bortlered  by  phloem  lioth 
spore  and  early  stages  in  growth  center  unti  toward  the 

of  prothalli  exterior  (Fig.  S2n),  In  certain  more 


Fi€,  830,  Germinalion  of  forn 
sporo  and  early  stages  in  growth 
of  prothaEi 


advanced  types  there  is  no  internal  phloem.  'I'lie  slides  «if  motiern 
conifers  and  dicotyledons  apiKiar  to  have  l«*en  derived  from  a 
siphonostele  from  which  the  internal  phloem  has  disitpjmired  and  m 
which  there  has  been  a  massive  development  of  st>nmdary  xylem. 

The  sporangia  of  ferns  are  umially  borne  on  tht*  lower  surfaces  of 
the  leaves  (Figs.  822, 828)  and  are  aggregated  in  definitt- areas,  the 
sori.  In  each  sporangium  there  are  many  sijores  (Fig.  821)1.  As  in 
the  Bryophyta,  a  large  number  of  sixire  mothtT  cells  are  prisuirtitS 
in  a  sporangium.  Blach  mother  cell  divides  to  form  a  tetrad  of 
spores.  When  a  spore  germinates  (Fig.  830)  it  protiuces  a  small 


Fig.  SSL  Lower  surface  of  prothallus,  or  gametopliyte,  of  a  fern 


Near  the  base  of  the  prothallus  are  numerous  rhizoids;  in  the  cei^er 
rounded  antheridia  containing  spermatozoids ;  near  the  apex  axe  archegonis 
which  point  toward  the  base 


FIC.8S2,  Antheridium  of  a  lem 

Ml,  B.  latteiMua  on 
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expanded  thallus  which  is  attached  to  the  ground  by  numerous 
rhizoids.  The  latter  are  slender  filaments  which  absorb  water  and 
mineral  matter  just  as  do  the  root  hairs  of  fiowermR  plants.  I  he 
typical  prothallus  of  a  fern  is  an  independent  plant,  which  manu- 
fLtures  its  food  by  means  of  its  chloroplasts  and  absorbs  water 
through  its  rhizoids.  Usually  a  prothnllu.s  Inairs  both  archegoma 
and  antheridia  (Fig.  831),  but  in  some  cases  the  antheruha  and 
archegonia  are  borne  on  different  pruthalh.  'I  he  antheruha  (logs. 


Fig.  833.  A  fern  antheridium  from  which  the  arc  enraping 

After  Lueiasen ;  from  Hergcii  and  CuUlwcll,  !‘rticliml  lUihmy 


832,  833)  are  spherical  and  contain  numerotiK  .six-rmatozoids.  Tlie 
spermatozoid  (Fig.  832)  is  a  spiral  slrueture,  t.ward  one  end  of 
which  are  numerous  flagella  which  tanihle  it  to  swim  through  water. 
As  in  the  Bryaks,  an  archegonium  is  a  Hask-Hhaixul  structure,  hi 
the  enlarged  basal  portion,  or  venter,  there  is  ti  large  t'gg  (Fig. 
834),  arid  exterior  to  this  a  smaller  «tU,  tht)'  ventni!  canal  cell.  In 
the  neck  of  typical  ferns  there  are  two  neck  canal  cells.  When  the 
archegomum  matures,  the  ventral  caiud  c**ll  sind  neck  canal  cells 
become  disorganized,  and  the  apical  wall  wlis  of  tlie  ne«‘k  spread 
apart  enough  to  leave  an  opening  (Fig.  HSfj),  so  tluit  there  is  a 
passage  through  which  the  sperm  can  reach  the  egg.  I'he  arehe- 
gonia  of  the  Ptmd&phyta  are  in  genera!  like  those  t»f  the  Hryttphyta. 


Fig  834.  Development  of  a  fern  archegomnm 

.l«».  (Aft«  W 

Viomin  to  disorganize  (X 
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They  differ  from  the  archegonia  of  the  Bryophjln,  lunvever,  as  they 
are  much  shorter  and  are  without  stalks,  and  the  base  is  usually 
within  the  prothallus.  A  spennalo/.nitl  swims  from  an  antl«‘ndium 
and  enters  an  archegoniuni  iKig.  Stltit  to  whieli  it  is  attraded  by  a 
chemical  stimulus.  One  spennatozuul  fusi>s  with  the  egg  il'ig.  8,16). 
As  in  the  case  of  the  Bnj^phyta,  water  is  necessary  to  accomplish 
fertilization,  because  the  siHwmntu/oid  has  no  way  of  reaching  the 
archegonium  except,  by  swimming. 


Left,  the  neck  canal  ccUh  and  ventral  caii.al  cell  are  disurKanir.ed.  Imt  the  archo- 
gonium  has  not  oiieiuai ;  right,  archeg«miu>n  (Ki'.lrawii  after  8f  rtwhurger) 


Development  of  sporophyte.  Hie  fertilized  egg  develops  at 
once  into  a  sporophyte  (Fig.  887).  Dtiring  the  early  stages  of  its 
growth  the  sporophyte  is  ile{K‘n<lent  tin  tht*  protljtdlus  for  nourish¬ 
ment.  The  fertilized  egg  divides  into  four  s»>gmersts,  one  of  which 
develops  into  a  foot,  which  iihsorbs  jiourishimmt  frotn  the  pro¬ 
thallus.  Of  the  other  three  cells,  one  typically  produces  the  stem, 
one  a  root,  and  one  the  first  leaf.  Like  the  foot,  the  first  root  and 
the  first  leaf  are,  transitory  struclures,  the  whole  of  a  mature  spxiro- 
phyte  being  derived  from  the  original  stem  cell  I'he  young  em¬ 
bryo  soon  produces  a  stem,  roots,  timi  leaves,  and  thus  {s'cnmes 
independent  of  the  garnet  ophyte.  After  .such  «i<*veIopment  has 
occurred,  the  gamete, iphyte  is  coiiKumed  or  dies  atul  the  sjxjrophyte 


Fig.  836.  Fertilization  in  a  fern 
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continues  to  live  independently.  Thus  in  a  typical  fern  (Fig.  838) 
the  sporophyte  and  the  gaiuetophyte  are  indeiHuulent  plants. 

Alternation  of  generations.  As  in  tlie  Brijophijia,  the  cells  of  the 
gametophyte  are  haploid  and  those  of  the  spun.phyte  diploid. 
Again  as  in  the  Bryophyta,  the  si>ores  are  formed  in  let  rad.s  (groups 
of  four)  by  two  successive  divisions  of  each  spore  mother  cell.  The 


Fic.  837.  Prolhallu*  of  a  fern  with  younR  uporophyto  atmrhed 
Left,  as  seen  from  above ;  right,  as  seen  from  b.dow.  (x  3)) 


reduction  in  the  number  of  chroruoHonies  occurs  in  thi'.se  two  divi¬ 
sions  ;  the  double  numlier  is  restoreil  when  an  egg  is  ft*rtilized  by  a 
spermatozoid.  Therefore  the  ferns  reHeinhle  the  hryophytes  in 
having  an  alternation  of  genenitionn  coiiHi-sting  of  a  haploid  gnme- 
tophyte  and  a  diploitl  sjwrophytc.  As  in  the  Bryophyta,  the  si>oro- 
phyte  starts  with  the  fertilized  egg  and  ends  with  the  sixire  mother 
cell,  while  the  gametophyte  Ixtgins  with  the  spore. 

Classes  of  Pteridophyia.  The  Ptm<hphyta  an*  a  very  ancient 
stock,  dating  back  to  Devonian  times.  They  have  d«velofX‘tl  along 
very  distinct  lines  and  may  be  divided  into  four  clauses ;  Pmkh 
fhytineae,  an  extinct  Devonian  class;  EqumHrtme  (horaetaik); 
L/ycffpodiineae  (clubmosses) ;  and  Filidnme  {ferns). 


Fig.  838.  Life  cycle  of  a  fem 

A,  sporophyte;  B,  pinnule  of  sporophyte;  C,  sporangium  with  spore  mother 
cells ;  Dj  sporangium  with  tetrads  of  spores.  The  line  separating  the  sporo¬ 
phyte  and  gametophyte  is  drawn  through  the  sporangium,  as  a  sporangium  is 
part  of  the  sporophyte  while  a  spore  is  a  first  stage  of  a  gametophyte.  E,  spore; 
Ff  spore  beginning  to  germinate ;  <j,  prothallus  produced  from  spore  (a  sper- 
matozoid  from  the  antheridium  is  represented  as  entering  the  ^chegonium  to 
fuse  with  the  egg) ;  H,  fertilized  egg  with  egg  and  sperm  nuclei  in  contact ;  the 
fertilized  egg  is  a  beginning  of  the  sporophyte.  J,  egg  and  sperm  nuclei  have 
fused ;  two-cell  stage  of  embryo ;  K,  embryo  still  attached  to  prothallus 


/■%,V‘if'- 


Fk;.  8S9.  Boot  tip  <if  Pitrk  0gmtm 

Ld't,  longitudinal  section  (near  the  renter  i«  tlie  fi|ifal  ctil”^ ;  rights  crrws  ii*f» 
tion,  showing  apical  ceil  The  apical  cell  i»  Cfaif^niiled,  our  «idr  bring  in  ruiifiirl 
with  the  root  cap;  longifiidinal  and  wrriinfi.M  fifiprar,  flirrrfonn  to 
triangular.  It  cuts  off  sc^grpents  on  all  four  iitirii :  the  forinr4  Piwiird 

the  root  cap  form  rooUmp  cells;  tiioiw'  cut  of  toward  the  rooi  divide  up,  im 
shown,  to  forui  the  tmmm  id  the  nmi,  (After  lied) 
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CLASS  PSILOPHYTINEAE 
Order  Psilophytales 


General  characteristics.  Toe  most  ancient  of  known  land 


plants  appeared  in  the  early 
extinct  order  (Psilophytales)  ^  ^ 


Fig.  843.  Rhynia 

Left,  Rhynia  major  (X  |);  right, 
Rhynia  Gwynne-Vaughani  (X  §). 
Note  the  sporangia  at  the  ends  of 
the  branches.  (After  Kidston  and 
Lang) 


Devonian.  They  belonged  to  an 
widely  regarded  as  the  most  primi*- 
tive  order  of  the  Pteridophyta. 
They  get  their  name  from  Psi- 
lophyton  (Fig.  850),  the  first- 
described  genus.  While  they  were 
distinctly  land  plants,  the  simple 
forms  of  some  of  the  genera 
have  been  regarded  by  many 
authorities  as  showing  consider¬ 
able  resemblance  to  algae. 

The  Psilophytales  had  dichot- 
omously  branched,  cylindrical 

—Aerial . .....branches  t-hat  grew  from 

underground  rhizomes.  In  most 
cases  the  branches  were  leafless 
(Fig.  843),  but  in  one  genus  there 
were  small  spirally  arranged  leaves 
(Figs.  851,  852).  The  young  parts 
of  the  branches  of  some  genera 
were  coiled  circinately  as  are  the 
leaves  of  ferns  (Figs.  850,  852). 
There  were  no  roots,  but  in  some 
genera  the  rhizomes  bore  rhizoids. 
The  branches  had  a  vascular 
system  surrounded  by  a  cortex, 
this  in  turn  being  surrounded 


by  an  epidermis  (Big.  844)  with 
typical  stomata .  (Fig.  855).  The  vascular  system  consisted  of 
tracheids  surrounded  by  phloem  (Fig.  845), 

The  Psilophytales  had  sporangia  which  terminated  the  aerial 
branches  and,  at  least  in  some  cases,  were  hardly  more  than  modi¬ 
fied  branch  ends  (Figs.  846, 847).-  The  spores  were  in  tetrads  as  in 
the  other  Pteridophytc  (Fig.  848), 
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Rht^nia.  The  plants  of  the 
genus  Rhynia  had  upright^ 
slender,  cylindrical  leafless  ae¬ 
rial  stems  which  grew  from  un¬ 
derground  stems  or  rhizomes 
to  a  height  of  twenty  centi¬ 
meters  or  more  and  which 
occasionally  branched  dichoto- 
mously  (Fig.  843).  They  had 
no  roots,  but  numerous  rhi- 
zoids  grew  from  the  rhizomes. 

The  stem  contained  a  very 
simple  vascular  system  con¬ 
sisting  of  xylem  composed  of 
annular  tracheids  and  sur¬ 
rounded  by  phloem  (Figs.  844, 
845).  Around  the  vascular 
system  was  a  wide  cortex  sur¬ 
rounded  by  an  epidermis  with 
scattered  stomata. 

The  sporangia  were  cylin¬ 
drical  structures  which  termi¬ 
nated  aerial  branches.  They 
contained  numerous  spores, 
which  are  5i)metimes  found 
otili  grouped  in  tetrads  (Figs. 
846,  847).  Between  the  spore 
cavity  and  the  epidermis  were 
a  number  of  layers  of  small',' 
thin-walled  cells. 

Hornea*  The  aerial  stems 
of  Homm  were  rather  similar 
to  those  of  Rhy?%ta.  The  rhi- 
^^omes  had  tuberous  enlarge¬ 
ments  which  bore  rhizoids  and 
from  which  the  aerial  stems 
grew  (Fig.  849).  The  sporangia 
differed  from  those  of  Rhynia 


Fig.  844.  Cross  section  of  stem  of 
Rhynia  major 

Tile  small  dark  area  in  the  center  is  the 
xylem.  The  light  area  with  small  cells 
around  this  is  the  phloem.  Between  the 
phloem  and  the  epidermis  is  t'he  cortex., 
which  is  differentiated  into  an  inner  and 
an  outer  region,  (x  11).  A,fter  'Kidston 
and  Lang 


Fic.  845.  Cross  section  of  xylem  and 
portion  of  the  phloem  of  Rhynia 
major.  ( X  60) 

After  Kidston,  and  Lang 
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in  that  the  spore  cavity  was  dome-shaped  and  extended  around 
and  over  a  sterile  region  or  columella  as  in  Anthoceros  (Fig.  848). 


Fig.  846.  Longitudinal  section  of  sporan-  • 
gium  of  Rhynia  major.  (X  34) 

After  Kidston  and  Lang 


Psilophi^ton.  This  genus 
resembles  Rhynia  in  many 
respects.  It  had  under¬ 
ground  rhizomes  with  root¬ 
like  branches,  and  erect  leaf¬ 
less  stems  which  branched 
dichotomously  (Big.  850), 
The  tips  of  the  branches 
w^ere  coiled  circinatelyy  in 
which  respect  they  resem¬ 


bled  the  young  leaves  of  ierns.  In  fact,  an  aerial  stern  of  PsI- 


lophyton  with  its  dichotomous  branching  and  its  circinately  coiled 


Fig.  847.  A  cross,  section  .of  sporangium  of  Rhynia  major.  (  x  14) 

■  After  Eddston  and  Lang 

tips  suggests  a  fern  frond  without  a  lamina.  This  resemblance  is 

emphasized,  at  least  superficially,  by  the  probability  that  the 
ronds  of  the  most  ancient  of  the  fern  line  consisted  of  branched 
rachises  with  little  or  no  lamina. 
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The  sporangia  were  large  oval  structures,  borne  in  pairs  at  the 
tips  of  ‘the  stems. 

Asteroxi/lon.  This  genus  had  a  more  complex  structure  than 
those  previously  described.  The  aerial  branches  grew  from  cylin¬ 
drical,  dichotomously  branched  rhizomes  which  behaved  in  a  root- 
like  manner  (Figs.  851,  852).  The  anatomy  of  the  rhizome  was 
similar  to  that  of  Rhyniaj  but  there  were  no  rhizoids. 


Fig.  851.  Asteroxylon  machiei 

Note  sporangia-bearing  branch  to  thenght.  (x  |).  After  Kidston  arid  Lang 

The  aerial  branches  were  dichotomously  ?)ranched  and  some¬ 
what  thickly  clothed  with  small  spiralh'”  arranged  leaves.  The 
leaves  were  about  half  a  centimeter  and  oval  in  transverse 

section.  They  were  without  trace  or  bundle  ending 

in  the  base  of  the  leaf. 

The  xylem  of  the  branches  was  star-shaped,  with  phloem 
completely  surrG’’-'^“S  the  xylem  (Figs.  853,  854). 


Occurrence  of  Psilophy tales.  Pt^ilophylalex  have  been  found  in 
Devonian  strata  in  various  parts  of  tlie  world,  but  fossils  with  well- 
preserved  internal  structure  are  known  only  from  one  place  near 
the  village  of  Rhynie  in  Aberdeenshire,  Scotland.  Here  there  was  a 
swamp  in  early  Devonian  time.s,  and  also  a  mineral  spring  or  some 
other  source  of  water  with  a  high  percentage  of  silica,  and  so  the 
remains  of  the  plants  which  grew  in  the  swamp  were  impregnated 
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The  sporangia  of  Asteroxylon  were  pear-shaped  and  dehisced 
apically.  They  terminated  leafless  branches. 

Just  as  Psilophyton  has  some  fernlike  characteristics,  so 


Fi€.  852*  Astemxylon  ehtrfeldeme 

Note  rootlike  branches  !>el<>w  the  s(>ii  and  eoihni  tips  of  .aerial  branehce. 
(After  Krause!  and  Weyland) 


Occurrence  of  Psilophytales,  Pmhphijtales  have  been  foiiiid  in 
Devonian  strata  in  various  parts  the  world,  but  fossils  with  well- 
preserved  internal  struoiure  are  knowm  only  from  one  place  near 
the  village  of  Ehynie  in  Aberdeenshire,  Scotland.  Ilc^re  there  was  a 
swamp  in  early  Devonian  times,  and  also  a  mineral  spring  or  some 
other  source  of  water  with  a  high  percentage  of  silica,  and  so  the 
remains  of  the  plants  which  grew  in  the  swmmp  were  impregnated 
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with  silica.  This  material  has  given  very  complete  information  on 
the  structure  of  some  of  the  Psilophytales  and  has  been  of  great 

“  interpreting  fossils  found  else- 
^  Further  knowledge  may  show 

r -'i  plants  lived  in  the 

i  I^evonian. 

M  Relationship  of  Ps2lc»/»/i|^tofes.  The 

.••  Ps-ilophyiales  contain  the  most  simply 
organized  of  the  Pteridophyta  and  the 
ancient  known  forms  of  this 
group.  They  appear  to  represent  the 
^l^eek  of  the  Pteridophyta. 
dichotomous  branching  character- 
'  v%1  istic  of  the  Pmlophytalcf^,  f  he  prevailing 
Fit!^nrirse;^;  ixy^  Concentric  protostele,  and  the  circi- 
lem  of  Asteroxylon  mackili.  coiled  stems  of  some  species  are 

(X  44)  suggestive  of  primitive  ferns,  "ilie  lack 

After  Kidston  and  Lang  ^  kiiiiina  in  most’  specichs  is  in  keep- 

iug  witn  this  vieWy  as  a  naked  nicliis 
without  a  lamina  appears  to  be  more  primitives  in  the.  fern  stock 
than  the  possession  of  a  lamina. 


Fig.  853.  Cross  section  of  xy- 
lem  of  Asteroxylon  mackieL 
(XU) 

After  Kidston  and  Lang 


While  the  sporophyte  of  the 
Psilophytales  is  much  more 
developed  than  that  of  any 
bryophyte,  it  is  relatively  sim¬ 
ple  as  compared  with  that  of 
most  Pteridophyta^  and  has  not 
developed  roots,  which  are  so 
characteristic  of  most  Pfen- 
dophyta  and  all  higher  plants. 
The  relationship  of  the  Pdlo^ 
phytales  to  the  various  orders 
df  the  Pteridophyta  will  be 
disetissed  later. 

The  0tructtmeof  theP^^ 

phytahs  Mt^^m  weH  with 
the  long-accepted  idea  that  the 
Pteridophyta  are  derived  from 


Fig,  S54.  Longiindinal  tcciion  of  xylem 
of  Asteroxyhm  mmkieL  (X  ISO) 

After  Kidston  and  Lang 


Pteridophyta 
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the  Btyophyta,  The  cylindrical  stems  of  the  simpler  Psilophytolcs 
with  their  typical  stomata  are  very  suggestive  of  the  sporophjrte 
of  the  Anthocerotales.  The  similarity  in  the  way  in  which  the 
sp'orogenous  tissues  of  the  sporophytes  of  both  Hornea  (Fig.  848) 
and  a  young  Anthoceros  (Fig.  805)  surround  and  overarch  a  sterile 
columella  is  particularly  suggestive.  We  have  no  knowledge  as  to 
the  gametophytes  of  the  Psilophy tales j  but  it  is  rather  easy  to 
imagine  that  the  sporophytes  of  the  simpler  forms  are  a  highly 


developed  and  branched  development 
from  some  sporophyte  similar  to  that 
of  Anthoceros, 

Some  paleobotanists  have  taken  a  dif¬ 
ferent  view,  because  the  Psilophytales  ante¬ 
date  any  remains  which  can  be  positively 
assigned  to  the  Bryophyta.  They  have  seen 
in  the  simple  Psilophytales  a  resemblance  to 
an  algal  thalius,  and  believe  that  the  Psilch 
phytales  represent  a  modification  of  such  a 
thalius.  Against  this  point  of  view  it  may 
be  said  that  the  Psilophytales  are  very 
typical  land  plants  with  well-developed 
supporting  and  conducting  tissue,  typical 
stomata,  and  a  cutinized  epidermis.  All  of 
these  features  argue  for  a  long  terrestrial 
ancestry  and  are  in  conformity  with  the  derivation  of  the  Psilophytales 
from  the  liverworts.  That  liverworts  have  not  been  found  in  the  earliest 
rocks  is  explained  in  part  by  their  delicate  structure ;  and  it  may  be  that, 
like  the  ferns,  they  were  !)y  no  means  so  abundant  in  ancient  times  as  at 
present.  For  a  long  time  liverworts  were  not  known  from  the  Paleozoic ; 
but  the  finding  of  typical,  highly  developed,  and  highly  differentiated 
liverworts  in  the  Carl)onifer(>iLS  shows  that  at  that  time  tliey  existed  in 
much  the  same  form  as  at  present,  and  so  must  have  had  a  long  hi.story. 
This  information  has  gone  a  long  way  toward  removing  objections  against 
a  liverwort  ancestry  for  the  Pteridophyta, 


Fig.  855.  Stomata  and  epider¬ 
mis  of  Asteroxylon  mmkieL 
(X  120) 

After  Kidston  and  Lang 


PsihtaleSj  Relics  of  the  DevoBian  Period 

Many  of  the  groups  of  plants  which  were  prominent  and  importent  in 
the  past  are  represented  by  survivoi^  in  the  present  fiora,  and  so  the  ques¬ 
tion  naturally  arises  as  to  whether  or  not  there  are  living  repiwentativM 
of  the  Pdhphptaks*  In  this  connection  the  Pnhtdes  are  most  interesting. 
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This  order  is  composed  of  two  small  genera^  Fdhtum  (Fig.  856),  which 
occurs  in  tropical  and  subtropical  regions,  and  Tjmd'pteris  (Fig.  857), 
which  is  found  from  the  southern  Philippines  to  New  Zealand  and  in  parts 


,  Fic,  856.  Psilotum  triquetrtmt 

A,  ^bit  (X  i).  B,  branch  with  sporangia.  C,  a  single  sporangium.  D,  cross 
section  of  a  young  sporangium;  the  shaded  cells  are  the  spore-producing  tis- 

sues.  (D,  after  Bower) 

of  Polynesia.  Both  genera  resemble  the  Pdlophjtdes  in  lacking  roots. 

In  them,  as  m  AsteroxyloUf  branched  rootlike  rhizomes  take  tlie  place  of 

roots. 

shoots,  as  in  the  Psihphy tales,  branch  dichotomou.sly  (Kg. 
sod).  Zmmpiem  is  usually  unbranched.  The  leaves  are  spirally  ar- 
ranged.  Those  of  Pdlotum  are  scalelike,  while  those  of  Tmedpteris  are 
longer.  T^e  sporangia  are  borne  on  the  upper  surfaces  near  the  bases  of 
l^ves  caU^  s^rophylls.^  In  Pdlotum  the  sporangia  contain  three  cham- 
^  856),  m  TmmpUm  two  (Fig.  867).  Some  authorities  regard 

the  sporangia  as  modified  branches,  which  are  in  the  axils  of  the  leaves  and 


Pteridophytu  ^0“ 

which.  aJ6  terminated  by  the  sporangia.  This  theory  would  give  the 
sporangia  a  terminal  position  as  in  the  Fsibphytales, 

The  anatomy  of  the  stem  is  very  simple  and  shows  primitive  features. 
Altogether  it  is  very  suggestive  of  Asteroxylon. 

The  prothaUi  are  small  and  colorless,  and  live  saprophytically  within 
the  substratum  in  connection  with  fungi  (mycorrhiza) .  They  bear  numer¬ 
ous  archegonia  and  antheridia  (Fig.  858).  The  spermatozoids  are  multi- 


Fic.  857.  Tmesipteris 
tannenis 

A,  habit  (X  I) ;  B,  en¬ 
larged  view  of  sporangium ; 
C,  open  sporangium  (note 
the  partition  between  the 
upper  and  lower  sections) ; 

B,  section  of  sporangium. 

(I),  after  Bower) 


Fic.  858,  Psilmum  triquetrum 

A,  an  entire  garnet ophyte  with  arcrhegonia  and 
antheridia ;  the  archegonia  can  be  distinguished 
by  the  prominent  neck  cells;  four  archegonia 
form  an  almost  vertical  line  in  the  lower  part  of 
the  center  of  the  prothailus ;  the  antheridia  are 
rounded  and  appear  larger  than  the  archegonia. 

B,  an  archegonium.  €,  a  young  antherkiium. 
jD,  a  mature  antheritlium  with  spermatozoi^ls. 

B,  spermatozoids.  (After  iMwmm) 


flagellate  as  in  ferns.  Dependence  on  mycorrhiza  for  nutrition  would  not 
appear  to  be  a  primitive  feature,  and  yet  it  is  interesting  to  note  that 
this  condition  is  found  in  the  simplest  of  the  living  ferns  and  also  in 
Lycopodium. 

The  PdhtaUs  show  such  a  combination  of  primitive  cltaraeters  m  k 
not  found  in  any  other  group  of  living  Pimdophykt.  However,  they  liave 
characters  which  for  a  long  time  caused  them  to  be  placed  among  the 
lycopods.  A  further  study  of  the  details  of  their  structure  led  many 
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authorities  to  believe  that'  they  were  closely  related  to  a  relatively  primi¬ 
tive  group  of  Equisetineae^  the  Sphenophyllaceaej  which  had  its  origin  in 
the  Devonian  period.  Some  leading  authorities  have  also  seen  a  relation¬ 
ship  between  the  Psilotales  and  the  simplest  of  living  ferns.  Altogether 
they  seem  to  be  a  group  which  should  be  placed  among  the  Pdlophytales 


Fig.  859.  Equisetum  arveme 


Left,  sporopl^e  with  fertile  branch  (at  the  right)  and  two  young  sterile 
branches  (at  the  left)  (x  ■■!) ;  center,  shield-shaped  sporophyll  with  old  sporangia 

(x  10);  right,  sterile  branch  (X  J) 

or  close  to  them,  and  which  can  be  regarded  as  a  remnant  of  a  flora  that 
flourished  in  the  mid-Devonian  period  before  the  more  modern  and  special¬ 
ized  groups  of  the  Pteridophyta  had  appeared. 

CLASS  EQUISETINEAE  (HORSETAILS) 

Equisetum 

G«neral  characteristics.  During  Carboniferous  times  the  Equi~ 
setineae  were  a  dominant  element  of  the  flora  and  included  large 
tree  forms.  All  the  living  Equisetineae  are  included  in  the  single 
g^ToiB  Equisetum,  and  are  rather  insignificant  representatives  of 
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a  once  great  race.  As  in  all  of  the  Pteridophyta^  there  is  an  alter¬ 
nation  of  a  conspicuous  sporophyte  (Figs.  859,  860)  and  a  small 
inconspicuous  gametophyte  (Fig.  864). 

The  sporophytes  of  Equisetum  are  all 
comparatively  small  plants,  the  giant  of 
the  genus  being  a  slender  species,  Equi¬ 
setum  giganteuMj  which  has  slender  up¬ 
right  stems  that  reach  a  height  of  ten 
meters  and  have  a  diameter  ot  only  two 
or  three  centimeters.  A  sporophyte  al¬ 
ways  has  an  underground  rhizome  from 
which  hollow  erect  aerial  branches  arise. 

In  some  cases  the  aerial  branches  are 
unbranched  and  the  sporophylls  are  borne 
at  the  tips  in  conelike  aggregations  called 
strobili  (Fig.  860).  In  a  very  common 
species,  Equisetum  arvensej  the  upright 
aerial  shoots  are  of  two  types  (Fig.  859) : 
unbranched  shoots  with  terminal  strobili, 
and  much-branched  vegetative  shoots 
which  serve  for  photosynthesis.  A  fan¬ 
cied  resemblance  of  the  much-branched 
structure  to  a  horse^s  tail  is  responsible 
for  the  popular  name  horsetail.  The  stems  consist  of  nodes  and 
long,  ribbed  internodes.  The  outer  part  of  the  stem  is  usually 


Fic.  860.  Ti|)  of  a  branch 
of  Equisetum  hiemale  end¬ 
ing  in  a  girobilns.  (  X  1) 


Fic.  86L  Sporopliylls  of  Equisetum  ari^eme 

Left,  sporophyli  with  unoperuHl  sporangia  as  viewer!  st»m«*wiiat  frnm  hclow. 
Center,  same  viewed  somewhat  from  above.  Right,  umhrellalike  top  of  S|Kirt>- 
phyli  witii  open  sporangia  as  scam  from  !>eknv.  (x  It)) 


heavily  impregnated  with  silica ;  so  much  so,  tliat  tlie  stems  w'^ere 
formerly  used  as  scouring  material  Tliis  use  gave  rise  to  the 
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a  once  great  race.  As  in  all  of  the  Pteridophyia,  there  is  an  alter¬ 
nation  of  a  conspicuous  sporophyte  (Figs.  859,  860)  and  a  small 
inconspicuous  gametophyte  (Fig.  864). 

The  sporophytes  of  Equisetum  are  all 
comparatively  small  plants,  the  giant  of 
the  genus  being  a  slender  species,  Equi¬ 
setum  giganteuMj  which  has  slender  up- 
right  stems  that  reach  a  height  of  ten 
meters  and  have  a  diameter  oh  only  two 
or  three  centimeters.  A  sporophyte  al¬ 
ways  has  an  underground  rhizome  from 
which  hollow  erect  aerial  branches  arise. 

In  some  cases  the  aerial  branches  are 
unbranched  and  the  sporophylls  are  borne 
at  the  tips  in  conelike  aggregations  called 
strobili  (Fig.  860).  In  a  very  common 
species,  Equisetum  arvensej  the  upright 
aerial  shoots  are  of  two  types  (Fig.  859) : 
unbranched  shoots  with  terminal  strobili, 
and  much-branched  vegetative  shoots 
which  serve  for  photosynthesis.  A  fan-  ^  hrancli 

cied  resemblance  of  the  much-branched  ^  Hixobiius.  (  x  1) 

structure  to  a  horse's  tail  is  responsible 

for  the  popular  name  horsetail  The  stems  consist  of  nodes  and 
long,  ribbed  internodes.  The  outer  part  of  the  stem  is  usually 


Fic.  8'6L  Sporopliylls  of  Equmetum  arwmse 

Left,  sporophyll  with  imepeneii  sporangia  ilh  vi^nvctd  somewhat  from  below. 
Center,  same  viewed  somewhat  from  above.  Right,  umhrt^llidik<^  top  of 
phjdl  witli  open  sporangia  as  mvi  from  below,  (x  10) 

heavily  impregnated  with  silica ;  so  much  so,  that  the  stems  were 
formerly  used  as  scouring  material.  This  use  gave  rise  to  the 


Fig.  862.  Spores  .of  Equi^ 
setum  arvense  showing  dif- 
fereel  positions  of  elaters. 
(  X  150) 


Fig.  863.  Growing  point  of  Equisetum 

Left,  longitudinal  section  through  tip  of  a  single 
apical  cell,  the  divisions  of  which  are  responsi¬ 
ble  for  increase  in  length.  Right,  cross  section 
through  apical  cell  (After  Goebel) 


Fig.  864.  Prothalii  of  Equisetum 


Left,  exterior  view  of  male  prothallus,  showing  antheridia,  one  of  which  is  die- 
clwging  spermatozoids  (X  4^  Right,  section  through  female  prothallus. 
The  section  iS'  cut  longitudinally  through  two  archegonia  and  an  embryo 
.  formed  m  a  third  archegonium.  (x  45).  After  Thuret  and  Hofmeister 
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comnioii  name  ’‘^scouring  rushes/^  The  leaves  are  small  and 
scalelike,  and  are  borne  in  whorls  at  the  nodes. 

Sporophytes.  The  sporophores,  or 
sporophylls,  are  highly  characteristic. 

They  have  polygonal  flat  tops  (Fig. 

861).  The  stalk  is  attached  to  the 
center  of  the  lower  surface  of  this  top. 

The  sporangia  are  also  attached  to  the 
lower  surface,  and  form  a  circle  around 
the  stalk  (Fig.  861).  Attached  to  one 
point  of  the  mature  spore  are  four  long, 
slender  elaters  (Fig.  862).  These  are 
formed  by  the  spiral  splitting  of  the 
outermost  coat  of  the  spore.  This  outer 
layer  remains  attached  to  the  spore 
at  the  point  where  the  elaters  come  to¬ 
gether,  thus  fastening  them  to  the  spore. 

Prothailus.  ■  The  gametophyte  pro¬ 
duced  by  the  spore  is  like  that  of  the 
ferns  in  that  it  is  a  small  green  thallus. 

It  is  differently  shaped  from  the  usual  fern  prothailus,  and  much 
more  branched  (Fig.  864).  Equisetum  is  usually  dioecious.  Tiic 


Fic.  865.  Archegoniiim  ol 
Equisetum arr erne,  (  X  350) 

After  liofnieisUT 


Fig,  866.  Spenaatozoid  of 
Equisetum 
After  Sharp 


Fic.  867,  Yoimg  emhrycw  m  arclie- 
gooia  of  Equisetum,  i  X2i5) 

After  Hjidehec’k 


archegonia  are  very  like  those  of  ferns  (Fig.  S()5).  Tin*  sporophyte 
begins  to  develop  in  the  archegoniurn  in  jnueh  the  same  way  as  in 
ferns  (Fig.  867),  and,  as  in  ferns,  is  soon  an  indep<'ndeut  pl.iiit. 


Re.  869.  CukmUes  gmkmei 
After  Zeiller 
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Alternation  of  generations.  The  alternation  of  generations  is 
like  that  of  ferns.  It  consists  of  an  alternation  of  a  haploid  ga- 
metophyte  and  a  diploid 
sporophyte.  The  sporo- 
phyte  ends  with  the  spore 
mother  celh  and  the  game- 
tophyte  starts  with  the 
spore. 


Fossil  Equisetineae 

Geological  history.  The 
Equisetineae  made  their 
first  appearance  as  very 
primitive  forms  in  the 
Devonian  period.  They 
reached  their  greatest  de¬ 
velopment  during  Car¬ 
boniferous  times,  and  were 
represented  by  many  tree 
forms  (Fig.  1037).  By  the 
beginning  of  the  Mesozoic 
they  had  declined  greatly : 
they  were  represented  by 
fair-sized  plants  (Figs.  868, 
1032),  but  these ,  were 
.nothing  like  so  large  as 
the  giants  of  the  Carbon¬ 
iferous.  They  continued 
to  decline,  and  soon  were 
represented,  as  at  present, 
by  only  comparatively 
small  species. 

During  the  Carbonifer¬ 
ous,  two  extinct  families 
of  the  Equisetineae^  the 
Calamitaceae  and  tlie  Spke- 
nophyllaceae^  were  well 


Fi€.  870.  Brandi,  of  ctlauiite 
After  Grand’  Eiiry 


Fic^  STL  Seeiioni  of  cakwite  loairei 
After  Thonifwi 


716 


The  Plant  Kingdom 


represented.  The  Calamitaceae  included  the  giant  forms,  or  cala- 
mites  (Fig.  1029),  while  the  Sphenophylla-ceae  consisted  of  weak 
slender  plants  which  are  generally  believed  to  have  scrambled 
over  other  vegetation  (Fig.  1029). 

Calamitaceae.  The  general  appearance  of  species  of  the  family 
Calamitaceae,  which  is  typified  by  the  genus  Catamites,  was  not 


Fic.  872.  Roots  of  a  calamite 
After  Grand’  Eury 


unlike  the  modem  genus  Eqaisetum  except  that  a  groat  many  of 
them  reached  tree  size,  perhaps  a  height  of  twenty  or  thirty 
meters  Calamtes,  like  Equisetum,  had  prostrate  rhizomes,  most 
probably  underground,  from  which  the  upright  stems  grew.  The 
latter  were  huge  hollow  structures  with  branches  and  small  leaves 
arranged  m  whorls. 

The  young  stems  were  similar  to  Equisetum  in  structure,  but 
tuey  soon  developed  secondary  thickening  of  a  type  very  much 
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like  that  seen  in  modern  seed  plants.  The  secondary  wood,  in 
some  cases,  reached  a  thickness  of  five  centimeters,  and  the  bark 

was  even  thicker. 

The  most  numerous  fossils  are  casts  of  the  stem  cavity  (Fig.  869). 
These  casts  are  marked  by  vertical  ridges  and  furrows.  The  casts  show 
distinct  joints  or  nodes  marked  by  zigzag  furrows  running  across  the 


longitudinal  furrows.  The  cause  of  these 
markings  is  that  the  softer  parts  of  the 
stem  had  decayed  and  the  vascular 
bundles  produced  impressions  in  the 
form  of  furrows.  The  ridges  corre- 
spend  to  the  pith  rays,  which  had  dis¬ 
appeared  before  the  cast  was  formed. 


Fig.  873.  Cross  section  of  small  root 
of  a  calamite 


After  Williamson  and  Scott 


Fig.  874.  Strohill  of  Cmhmiim 


The  leaves  of  ■Catamites  were  like  those  of  Equuetum  in  that 
they  were  arranged  in  whorls  with  the  bases  joined  together 
(Figs.  870,  871). 

The  sporangia  were  borne  in  w^horls  in  strobili,  as  in  Equmium 
(Figs.  874,  875),  The  sporophyll  was  like  that  of  Equisetum  in  that 
it  was  umbrellalike  with  a  shield-shai^ed  top  and  with  the  sporangia 
on  the  under  surface  of  the  top.  There  were  four  sporangia  on  mich 

sporophyll. 


Fig.  875,  Sectioii  throiigh  stroB- 

ilus  of  a  calami te  in  which  the 

sirohiliis  consisted  entirely  of 

sporophylls 

Fig.  876.  Sphenophyilum  emargmatum 

After  Renault 

AfU^r  Zeiller 

•* 
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Sphenophyllum  plurifolkmmi 
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In  some  cases  the  strobili  bore  only  sporophylls  (Fig.  87o) ;  in  otht^r.s 
there  were  also  whorls  of  sterile  leaves  or  bracts  (hig*  874).  In  dilit'rent 
genera  the  sporophylls  were  attached  in  the  axils  ol  the  bracts,  midway 
between  the  whorls  of  bracts,  or  Just  below  the  bracts. 


Fic.  878.  Strobilns  of  Spherm^ 
phyllum 

After  Schimper 


Fic.  879.  Hyenia  elegam,  a  prinutiV'f*  iTieiii- 
her  of  the  Equmeiaies 

Ct‘nter,  iho  phuit  with  two  fort ile  hnitw.lw^ 
and  five*  leafy  hraiudics.  !/<nvcr  Irft,  spi^ro- 
nhon‘H  wit  It  siKtrangia;  lower  right,  storilc 
leaf.  (After  Krause!  aiai  WcyiaiaU 


In  most  species  the  spores  wen^  all  of  one  size  ;  !mt  in  a  few  tuases  some* 
sporangia  contained  small  sport^s  {nn<‘ros|Ktres)  and  othfu's  largi*  spores 
(megaspores).  Judging  by  anakigy  with  living  plants,  it  is  believed  that 
the  megaspores  gave  rise  to  female  prothalli  and  the  microspores  hi  male 

prothaili. 
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Sphemphyllaceae.  The  sphenopliylliims  had  slender  ribbed 
stems,  about  the  size  of  a  lead  pencil  or  smaller  (Figs.  876,  1029) 
The  ribs  did  not  alternate  at  the  nodes  as  in  Enuisvimn,  but  ran'the 


entire  Icuigth  of  the  stem.  The 
leaves  were  small  and  in  whorls. 
Tliose  of  one  wliorl  were  directly 
above  those  of  the  next  whorl 
and  not  altcaiiate  with  them. 
Tlie  leaves  at  ix  node  were  in 
imiKiples  of  tiiree ;  they  were 
usually  ^ve(lge-sliaped,  and  the 
margins  varied  from  entire  to 
deeply  tlisscahed. 

Th('  xyleiu  of  th(^  skjrn  was  trian¬ 
gular,  atul,  although  the  steuis  were 
sleiKi(*r,  there  was  s('eoudary  thick¬ 
ening  (Fig.  K77}.  Tie  spheiiophyb 
luius  an^  usually  n^gardeti  as  having 
had  aerial  sterns,  whieh  may  hav'e 
received  su|)pnrt  from  s(Taml>liug 
over  other  plants.  Some  authori¬ 
ties  lH*Ii(‘V(?  that  th(w  wctc,  a(|uati(*s. 

In  most  of  th(j  EphetiopIiylUM'eae 
the  sporangirt  were  l)orne  in  strobili 
(log.  878),  hut  the  arrangeiiumt.  of 
the  sporangia  in  the  strcyhiins  varied 
greatly  in  dilTerent  sp<»{h(‘s. 


Fig.  880.  Colamophyton  primae^ 
vunif  a  primitive  member  el  the 
Equhetales 

Notenumeroussporaiigiaon  central 
branch.  (After  Krausel  and  Wey- 
land) 


Relationship  of  Eguisetineae, 

It  seems  clear  that  since  Devo¬ 
nian  times  the  Equmiimmhiive 
represented  a  distinct  line  of 
evolution,  and  that  since  Car- 


,  ,  ,  boniferouH  times  they  have  not 

developed  along  new  lines.  In  their  day  the  Cdamites  were  dom- 
maut  tree  forms,  but  they  lost  out,  and  their  place  has  been  taken 
by  seed  plants. 


_  far  ^  is  known,  the  Equisetineae  appeared  after  the  Pdh- 
phytales.  The  earliest  representatives  were  simple  forms  having 
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points  in  common  with  the  Psilophy tales,  and  so  it  seems  probable 
that  they  developed  from  a  generalized  stock  which  to  ns  is  rep¬ 
resented  by  the  Psilophy tales  that  we  know. 

In  the  middle  Devonian  strata  are  found  the  most  primitive  and 
ancient  known  representatives  of  the  Equisetineae.  These  are  Hyenm 
(Fig.  879)  and  Calamophyton  (Fig.  880).  The 
stems  of  Hyenia  were  not  jointed,  but  the  forked 
leaves  were  in  whorls.  The  fructification  was  a 
loose  spike,  the  axis  of  which  bore  numerous  spore- 
bearing  organs  or  sporophores  and  no  sterile 
bracts-.  It  seems  best  to  use  the  term  sporophore 
rather  than  sporophyll,  so  as  not  to  imply  that 
these  structures  were  leaves.  The  sporophores 
were  forked,  and  each  arm  bore  two  or  three 
sporangia.  Calamophytori  had  Jointed  dichoto- 
mously  branching  stems.  The  leaves  were  forked 
and  in  whorls.  The  sporophores,  as  in  Hyema, 
were  in  loose  spikes  vitiiout  sterile  l)raets.  The 
sporophores  were  forked,  witli  a  single  sporangunn 
at  the  end  of  each  arm  of  the  fork.  The  dichoto¬ 
mous  branching  of  the  steins  is  a  feature  found 
generally  in  the  Pdlophy talcs,  while  tlie  forked 
sporangiophores  recall  th<‘  dichoUimouslybraiicheii 
tips  of  the  fertile  branclu^s  of  PsilophyUai.  How¬ 
ever,  these  plants  appear  to  (dosi^ly  rolak'd  to  the 
Equisehneae  and  particularly  to  Sphenophyl- 
laceae,  and  thus  seem  to  serve  as  a  connecting  link 
between  the  Fsihpkytalcs  and  the  Equisetales. 

Fic.  881.  Lytopoiium 

CLASS  LYCOFODIINEAE  (CLUBMOSSES)  reflexum,  with  sporo- 

phylls  srattcrtni  «ver 

The  Lycapodiineae  are  like  the  Equine*  the  stem.  (  x  iJ 
tineae  in  that  the  living  representatives  are 
small  plants  and  play  a  relatively  unimportant  part  in  cnir  presmit 
flora,  w^hile  other  representatives  were  dominant  plants  in  C'ur- 
boniferous  times  and  reached  tree  size.  The  tvve^  imnst  important 
living  genera  are  Lycopodium,  and  SelagineUtL  Tlie  sporophyti^  is 
differentiated  into  stems,  roots,  and  leaves.  The  leaves  of  living 
species  are  alw^ays  small.  The  spermatozoids  of  these  gemera  arc^ 
biflagellate  as  in  the  Bryophyia  and  not  multiflagellate  m  in  fi^rns 
and  Equiseimn, 
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General  cliaracteiistics.  Lycopodium  is  a  common  and  widely 
distributed  genus  of  small  or  fairly  small  plants.  In  the  temperate 
zone  they  are  terrestrial  and  are  known  as  ground  pines  (Figs.  881  ^ 
,882).  In  the  tropics  there  are  both  terres¬ 
trial  and  epiphytic  species  (Fig.  882). 

As  in  other  Pteridophyta^  there  is  an 
alternation  of  a  conspicuous  sporophyte 
and  a  small  inconspicuous  gametophyte 
(Fig.  886).  The  stems  in  most  species  are 
much  branched,  with  dichotomous  branch¬ 
ing.  The  stems  are  more  or  less  thickly 
covered  with  small  pointed  leaves  which 
are  usually  spirally  arranged.  Each  has  a 
single  median  vascular  bundle.  The  spo¬ 
rangia  are  borne  singly  on  the  upper  sur¬ 
face  near  the  base  of  a  leaf  (Fig.  883).  The 
sporophylls  (leaves  with  sporangia)  may 
resemble  the  ordinary  leaves  and  be  scat¬ 
tered  over  the  stem  (Fig.  881),  or  they  may 
be  somewhat  different  in  shape  and  be 
aggregated  in  terminal  sfrobili  (Fig.  882). 

The  center  of  the  stem  is  occupie<i  by  a  conspicuous  vascular 
bundle  (Fig.  885).  In  this  there  are  plaices  of  tracheary  tisHU(\s,  or 


Fi€*  884.  Cross  section  of  a  leaf  of  LjTopmlmm.  (  X  I0S I 

xylem,  between  which  are  masses  of  phhaum  In  creed  spctacs  tfie 
xylem  is  usually  arranged  more  or  less  ratiiaily.  In  struct un*  thc^ 
vascular  bundle  recalls  that,  of  AderojyloiL 

Gametophyte,  The  spores  of  LijcojMMiium  germinal c  to  prmlwv 


Fic.  8S3,  A  single  apo- 
rophyll  of  Lyco^mdium, 
with  a|M)>rangitinii  on  tlio 
iippor  ^iirfaro  nosir  the 
base.  {  X  5 ) 
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a  prothallus.  This  is  a  small  structure  which  bears  antheridia  and 
archegonia.  The  character  of  the  prothallus  is  quite  different  in 
different  cases.  In  some  forms  it  is  a  lobed,  branched  structure 
with  chlorophyll,  somewhat  like  the  prothallus  of  EcjiuisciViiTij  al¬ 
though  it  is  more  tuberous  than  the  latter  (Fig.  886).  In  some 


Fi€.  885*  Cross  seclio«  of'  a  stem  of  eermmm 

Showing  radial  protostele  in  whiidi  <HHmm  bcdweim  thPHtnimlsof  xylom. 

Note  the  scierenchyma  cells  near  the  outer  part  of  the  cortex,  (x  45) 

temperate-zone  forins  it  is  a  tuberous  underground  structure  with¬ 
out  chlorophyll  and  lives  saprophytically  with  mycorrhiza  (Figs, 
887-890).  The  gametophytes  bear  numerous  antheridia  (Figs.  886, 
888,  889,  891)  and  also  archegonia  which  have  the  typical  struc¬ 
ture  of  a  pteridophyte  archegonium  (Pig.  892).  The  spermiitozoids 
are  bifiagellate  (Fig.  891),  in  which  respect  they  agree  with  the 
Hepaticae  and  differ  from  the  ferns,  where  spennatozoids  are  mul- 
tiflagellate.  As  in.  other  pteridophytes,  a  spermatozoid  swims  to 


Jic,  886.  Gametopljyie  Lycopodium  cermmm 

early  stage  in  formation  of  garnetophyte  from  spore;  n<ite  ahuiuiant 
chloroplinsts  m  cells.  h\  later  stage,  T,  ntili  later  stage;  two  areiu^gcmia  ami  ora 
anthendium  are  e valent;  the  arehegonia  can  be  rerognir.ed  hv  the  bun 
(shaded)  neck  ceils;  the  aritherulium  is  to  the  right  of  the  areht^goida.  /),  still 
older  prothalhis.  prothallus  witii  sporophyte  attached  to  the  left.  F,  game^ 
wphyte  with  older  sporo|>liyte.  (/-I,  <ieveli>pi:nfnt  of  archegoniuni  as  seen  in 
sections.  J-L,  development.  ant.heridiuin  as  seen  in  sectit^ns.  (F,  x  11  * 
G-l,  X  20(1).  After  Trueb 
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Fig.  887.  Prothalli  of  temperate  zone  species  of  Lycopodium 
A,  L.complanatum;  B,  L.davalum;  C,  L.  annotimim,.  (After  Bruchmann) 


Fig,  888,  Longirndinal  sec¬ 
tion  of  prothallns  of  Lyco* 
podium  complanatum 

To  the  left  are  numerous  an- 
theridia,  some  of  which  have 
discharged  the  spermatoi;<>i<ls. 
To  the  right  are  numerous 
archegonia;  note  embryo  in 
one  near  the  tip,  (x  18), 
'■■■  ■'  B^ruchmann 


an  archegonium  and  fertilizes  the  egg. 
Also,  as  in  other  Fivridophijta,  the 
sporophyte  is  at  first,  attached  to  the 
ganietophyte  by  a  foot,  and  is  depend¬ 
ent  on  tbc  ganict.ophyte  (Figs,  889, 
898).  Again,  as  in  otIuT  Plvridophijtaj 
it  soon  beconu^s  indepiuident. 

Alternation  of  generations.  In  Lyco¬ 
podium  the  alternation  of  generations 
is  like  that,  of  other  Pkridophytn  and 
consists  of  the  alternation  of  a  haploid 
ganietopliyte  and  a  diploid  sporo- 
phyie.  Tlie  sporophyte  begins  %vith 
the  fertilized  egg  and  ends  with  the 
spore  mother  &>\h}  the  ganietophyte 
begins  with  the  spore, 

Phylloglossum,  There  is  one  living 
genus  of  lyeoj'xxls  wliieh  is  closely  related 
to  Lycopodium.  This  is  PhijUoghmmn,  an 
Australian  genus  with  one  Kfmeies  (Big, 
894).  The  mature  plant  consists  of  a  tuber¬ 
ous  stem  with  a  fciw  It^avits  and  an  elon¬ 
gated  shdk  terminating  in  a  small  strobilus, 
Tlie  tuberous  stem  witli  its  leaves  is  rather 
similar  to  a  juvenile  stage  in  some  specie 
of  Lyco'imiiwm  Tile  gamehiphyt^i  is  also 
similar  U>  thosci  of  mmm  species  of  Lyco¬ 
podium  where  the  biwt  of  the  prothallus 


Fic.  889.  Lycopodium.  Longitudinal  section  throngli  prothalliis  of 
Lycopodium  clavutum 

There  are  numerous  antheridia  in  the  center  of  the  upper  surface,  and  to  the 
right  and  left  of  the^se  are  numerous  archegonia.  A  young  embryo  is  v<Ty 
evident  to  the  right;  note  young  shoot  above,  young  root  to  the  right,  and 
large  foot  below  and  to  the  left.  The  mycorrhiza  can  be  seen  in  the  cells  near 
the  lower  surface,  (x  37),  After  Bruchmann 


Fk;.  890.  Lycopodium 

Above,  germination  of  S|Kjre  of  L.  Malaga  (X  5H0).  Below,  entrance  of  iiiy» 
eorrhim  mto  very  yrniiig  ganndopliytes  <if  A.  domtum  (x  470).  After  Bruch- 

maun 
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is  tuberous  and  there  are  green  lobes  on  which  the  arcliegonia  and  an- 
theridia  are  borne.  In  Lycopodium  and  Phylbglossum  all  the  spores  are 


After  Brnchrnarm 


alike.  In  the  other  two  genera  of  living  lycopods  tliere  are  two  kinds  of 
spores,  large  spores  which  produce  female  protlialli  and  small  spores 
which  give  rise  to  male  prothalli. 


Fig,.  892»  Development  of  arckegoninm  of  Lycopodium  schgo 
After  Bmchmann 

■  Origin  of  lycopods.  The  Lycopodiaks  witli  their  small  leaves 
seem  to  represent  a  different  line  of  evolution  from  that  seen  in  the 
ferns  with  their  la,rge  leaves,  and  from  that  of  the  Erjumtinem  with 
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their  jointed  stems.  The  anatomy  of  Lycopodium  is  very  sugges¬ 
tive  of  that  of  Asteroxylon  (Fig.  853),  as  are  also  the  small,  spirally 
arranged  leaves.  The  Psilotales  are  in  some  respects  intermediate 
between  the  Psilophy tales  and  the  Lycopoditneae,  All  the  great 
groups  of  Pteridophyta  had  appeared  before  the  end  of  the  Devo- 


Fic.  393.  Lycopodium  clavaium 

Left,  younKspor<)phyt(‘.s  attached  to  prethalluB ;  riKhi 
young  sporophyte;  below  is  the  foot,  to  the  left  the 
root,  and  aho%'(\  a  shoot.  (After  Bnicdunann) 


After  Bower 


nian  period,  and  tiie  P.stlopk>jlalct<  .seem  to  represent  a  common  and 
earlier  Devonian  stock  from  which  the  Filieineae,  the  Kquudincae, 

and  the  Lytopodiuivdc  dt^veloped. 


Selaginella 

Gener^  characteristics.  Se^/jic/O  i.s  a  large  genus,  with  about 
five  hundred  or  more  species,  of  .small  or  cuixiparativtdy  small 

l‘*»ives 

(h  Igs.  8a>  8i7).  honm  specios  of  Mngindh  grow  upright  ami  have 
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the  leaves  arranged  radially  around  the  stem.  In  most  species  the 
stems  are  more  or  less  prostrate^  and  the  leaves  are  in  four  rows 
(Fig.  896).  In  such  cases  the  leaves  of  the  two  upper  rows  are  much 
smaller  than  those  of  the  two  lower  rows.  Most  of  the  species  of 
Selaginella  are  tropical,  particularly  the  showy  ones,  and  some  of 


Fig.  898.  Sporangia  im<!  spores  of  Selaginella 


i4,  megasporophyli  with  nu‘g;usj)()ningiuni  (‘on- 
taining  four  mega.sp()n\s  (X  lo);  B,  ruicnnsporo- 
phyil  (x  15);  C,  rn(‘g::isporo  (x75);  I),  luiero- 
spon‘  (x  75) 


Fic.  899,  Longitudinal  sec¬ 
tion  through  microsporan- 
giuin  an<l  base  of  mirro- 
sporophyll  of  Seiagmella 
apm 

h  ligiile.  (After  Lym) 


these  are  cultivated  for  ornamental  purposes.  In  many  species 
there  is  a  long  creeping  stem  from  which  erect  branches  grow* 
Often  a  side  branch  produces  a  s3^steIn  of  brandies  of  limited 
growth  which  siimilates  the  appt^arance  of  a  fern  frond  (Fig,  89%5), 
;  Ligule*  Near  the  base  of  the  leaf  there  projects  from  the  upper 
surface  a  small  appendage  known  as  a  liguka  This  is  said  to  absorb 
water.  In  sporophylls  the  liguie  lies  Ixitween  the  sporangium  and 
the  blade  of  the  leaf  (Fig.  899).  Ligules  are  very  cliaracteristio  of 
fossil  lycopods. 
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Sporangia.  The  sporangia  are  borne  singly  on  the  upper  surface 
near  the  base  of  sporophylls  (Figs.  898,  899).  In  sonu‘  species  the 
sporophylls  are  similar  to  ordinary  leaves,  but  in  most  causes  they 
are  smaller  and  are  aggregated  into  terminal  strobili  (Figs.  895, 

896,  900).  The  sporangia  are  of  two 
kinds  (Fig.  898),  microsporangia-  and 
megasporangia ,  a  in  i  the  sporophylls 
which  bear  them  ar('  called  respectively 
microsporophy lis  a lul  rnegasporopliylls. 
A  microsporangiurn  contains  numerous 
small  spores,  mitaosporcs,  while  each 
megasporangium  contains  four  large 
spores,  megasp<  The  inicrospores 
give  rise  to  male  protlialli,  the  mega- 
,  spores  to  female  pruthalli. 


Fic.  900.  Semi-diagrammatic 
lojigirndinal  section  of  stroh- 
ilns  of  Selaginelkt 

rangia  oa  the  right.  (After  Left,  microspore  mother  ccIIk;  rigfit,  micro- 
Sachs)  spores  in  tetrads.  (.4fter  Lyon) 


In  their  development  the  megasporangia  give  ck^ar  evidence  of 
having  been  derived  from  the  sporangia  of  some  plant  in  which 
there  was  no  differentiation  into  microsporangia  and  megasporan- 
gia.  In  the  microsporangia  a  large  number  of  spore  mother  cells 
are  produced,  and  each  of  these  divides  to  form  four  microspores 
(Fig.  901).  In  the  megasporangia  also  a  large  nuinl>er  of  cells  which 
may  be  regarded  as  representing  spore  mother  cells  are  pnxhiced 
(Fig.  902).  All  except  one  of  these  disintegrate,  while  the  remaining 
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one  increases  greatly  in  size  and  divides  to  produce  four  megaspores 
(Fig.  902).  The  only  plausible  explanation  of  the  production  of  a 
large  number  of  rudimentary  mother  ceils  in  the  megasporangium 
is  that  Selaginella  is  descended  from  a  plant  in  which  all  these  cells 


Fic.  902.  Megasporangitim  mi  megtspores  of  Sehgimlh.  <  X  I2S) 

A,  longituciinal  section  of  «icg:i«|Kjningium  with  mf^KJiaiKsrc  mother  The 
functional  mother  cell  in  much  largtT  than  the  othera.  emm  «‘cfi«n  of  «|kv 
rangiiim.  The  functionaUnegas|K)re  irHiltier  cell  Ims  divided  iu  tnrm  a  tetrad 
of  megaspores.  C\  a  funcjtional  tetrad  has  erdargiai  greatly.  D,  of  tetrad 

showing  thick  walls  of  spores.  (After  Lyon) 

functioned  as  mcdiier  ccILh,  and  that  by  Hjxadalization  it  has  come 
about  that  one  mothc^r  ttell  grows  at  the  exfxnse  of  the  others, 
which  fail  to  tievelop.  We  may'  coiiiclu<ie  that  the  heterosporous 
Lycopwliinean  are  dc^seended  from  hcanoapormis  forma 
The  male  prothaihiH  develops  within  the  wall  of  a  microspore, 
and  consists  of  a  single  prothallial  cell  and  an  imiheridtiim  (Fig. 
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903).  Since  the  whole  gametophyte  is  formed  within  the  spore 
wall,  a  vegetative  prothallus  is  not  necessary,  and  in  the  male 
gametophyte  it  is  reduced  to  a  single  functionless  cell.  The  an- 
theridium  has  a  sterile  covering  consisting  of  a  single  layer  of 
cells,  within  which  biflagellate  spermatozoids  are  produced.  The 
female  prothallus  likewise  develops  within  its  spore,  the  spore 


Fig,  903.  Gamelophyies  of  SelagmeUa 

Left,  section  of  a  female  prothallus ;  the  mej>;aspore  wall  is  hIiowu  in  black  ;  note 
the  archegonium  projecting  from  the  upp(T  surface  of  th(^  prothallus  (retlrawm 
after  Miss  Lyons).  Upper  right,  male  gainetophytt*  of  Sekiffinelia ;  notfUhat 
it  consists  of  a  single  prothaiiial  cell  and  a  single  antIuTidium  (retlrawn  afU^r 
Belajeff).  Lower  right,  spermatozoids  of  jt<elagmella  (redrawn  after  Htdajeff) 

wall  is  burst,  and  the  apex  of  the  prothallus  with  tlie  archegonia  is 

exposed  (Fig.  904).  The  egg  is  fertilized  by  a  motile  biflagellate 
spermatozoid,  and  the  fertilized  egg  develops  into  a  sporophyte 
(Pip.  905-906),  as  in  other  pteridophytes.  In  some  cases  arche- 
gonia  may  be  produced,  the  eggs  may  be  fertilized,  and  sapro¬ 
phytes  may  Ipgin  to  develop,  all  before- the  spores  art'  she<i. 

Specialization  of  spores.  The  sporangia  of  Selaginella  show 
greater  specialization  than  do  those  of  typical  ferns  in  that  they 
are  differentiated  into  megasporangia  and  microsporangia.  The 
differentiation  of  the  sporangia  and  spores  of  Selanginella  has  been 


Fig.  904.  Female  gametopliytes  of  Seiaginelia 

f 

Left,  side  view  of  Seiaginelia  kraussiana.  Note  ihe  rnaniuT  in  w!ii(di  the 
megaspore  wail  is  cracked  and  opened  by  the  growtii  of  the  prntiialius.  'riire<‘ 
groups  of  rhizoids  are  very  evident.  The  niimeroTis  archegnnia  can  he.  dis¬ 
tinguished  by  the  four  neck  cells  (x  50).  Right,  top  view  of  S.  marlerisii,  Th(‘ 
three  groups  of  rhizoids  are  very  prominent.  In  tJie  pndhallus  aw  setm  eight 
I  archegonia  in  various  stages  of  development  (X  125).  After  Bniehinann 


Fig.  90S.  Young  sporophytes  of  Selugf- 
mdla  kraiissianu  still  attached  to  mega¬ 
spore,  \  X  III 

After  I'iruehioaiiii 


Fig.  906.  Longitudinal  section  of 
young  sponudiyte 

To  the  left  and  abo\u*  is  a  young 
shotst.  Ntde  tfie  apical  cell. 
Above  Ih  tlm  suspiuiHor  wiiich 
HiTves  |)imh  the  ettihryo  down 
into  I  tie  pnjftialiuH.  To  I  lie  light 
is  a  young  root  jimi  bidow  m  the 
fout 
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accompanied  by  a  decrease  in  the  size  of  the  prothalli  and  a  loss  of 
their  independence.  They  are  small  and  are  de|')endent  for  develop¬ 
ment  on  food  stored  by  the  parent  sporophyte  in  the  spore. 


Fic.  907,  Life  cycle  of  Selagineiia 

A,  portion  of  sporophyte  with  tc^mhaa!  strohili;  B,  menjasponiiigiiim  with 
megaspore  mother  cell;  mieros|)orangiuni  with  micrtwpore  mother  cells; 
C,  megasporangium  with  tetrad  of  megasporen;  iiiicroHptirangiuin  with 
tetrads  of  microspores.  The  line  separating  (tie  s|M»rophytif  and  garnetophytic 
generations  is  drawn  through  tlie  sporatigia  Ina'ausc  thr  Hpnrarij^ia  thont.se*ivcs 
belong  to  the  sporophytes  while  the  spends  rf‘pre«enf  tlie  hoKuining  of  the 
gametophyte.  D,  section  of  megaspore;  I)\  nn<Togpore;  h\  fernah*  pn^l hallos; 

action  of  male  prothalius;  P\  section  of  fetnale  pnO hallos  with  an  arrlic- 
gonium ;  F\  section  of  mature  male  gametophyte  with  spermatuzoids ;  it\  sper- 
matozoid  entering  an  archegonium;  //,  spermatozoid  rteuly  to  fuse  with  egg; 
/,  fertilized  egg,  the  beginning  of  the  sporophyte;  J,  yoting  sporophyle  within 
^  gametophyte;  K,  old  sporophyte  still  attached  to  gamtdophyfe 

Tlie  differentiation  of  spores  into  megaspores  and  inicrospores, 
and  their  dependence  on  the  sporophyte,  has  certain  obvious 
advantages.  The  delicate  prothalli  of  ferns  do  not  apfK^ar  to  be 
very  well  suited  to  life  on  dry  land,  as  they  require  a  considerable 
period  of  favorable  moist  conditions  for  their  development.  The 


Fic.  908.  Diagram  showing  relative  development  of  sporophyies  and  gameto* 
piiyles  in  Br^’ophytu  and  PH*ridt>pkyta 

Above,  Ricda :  center,  a  hTti ;  below,  Sdu^imih 
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sporophyte  of  a  fern,  on  account  of  its  strucf  ure,  can  withst 
conditions  that  would  be  fatal  to  the  prothallus.’  As  the 
tophytes  of  Selagimlla  derive  their  nourishmeni.  from  tiiA 

phyte,  they  are  more  indc^wndent  of  exter¬ 
nal  conditions  than  are  those  of  ferns.  * 
Alternation  of  generations.  In  Selagi- 
nclla  there  is,  as  in  the  other  pteridophytes 
an  alternation  of  sporophytic  and  gameto^ 
phytic  generations  (Fig.  907).  The  chief 
differences  are  that  in  Srlagiriella  the  sporo- 
phyte  bears  two  di.stinct  kinds  of  sporangia 
which  form  two  different  tyi>es  of  spores 
megaspores  and  microspores ;  and  that  the 
megaspores  protiuce  female  gametophytes 
while  the  microspores  give  ri.se  to  male 
gametophytes.  Tlie  sjxjrmatozoid  from  the 
male  gametophyte  fertilizes  an  egg  in  an 
archegonium  of  the  female  gametophyte, 
and,  a.s  m  oiIkt  Plvn'dophi/ta,  the  fertilized 
egg  produces  a  sporopliyte.  In  Selagindla 
the  prominence  of  t,hf‘  sporophyte  a.s  com¬ 
pared  with  th(“  gametophj'te  is  relatively 
greater  than  in  the  ferns  we  have  considered 
and  in  Lycopodium,  in  that  both  male  and 
female  gametophytes  are  greatly  reduced 
in  size  and  are  depcmdent,  for  nouri.shment 
on  food  stored  by  the,*  sporophyte. 

It  is  of  inteKJst  to  compare'  the  gameto- 
phytes  and  sporophytes  of  iiverwort.s,  fern.s, 
and  Selagimlla  (Fig.  908).  In  all  but  the 
most  advanced  types  of  liverworts  the  sporo- 

Dhvte  for  no,  •  k  deijendcnt  on  the  gameto- 

phyte  for  nourishment.  Kven  in  Ardhoceros  the  sporophyte  i.s 

SmShvranr  In  typical  feL  the 

“  in“  nourintaent,  the  reverse  of  the 


Fic.  909.  hoetes. 
(xf) 
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Isoeies.  In  addition  to  Selaginella^  Isoetes  is  the  only  genus  of  living 
heterosporous  pteridophytes  wiiich  is  included  in^  or 
even  closely  related  to,  the  lycopods.  The  genus 
Isoetes  is  represented  by  a  number  of  species,  and  is 
widely  distributed.  In  general  appearance  the  sporo- 
phyte  resembles  a  tuft  of  grass  (Fig.  909),  The  stem 
is  very  short  and  iinbranclied,  and  bears  a  large . 
number  of  crowded,  grasslike  leaves.  Each  leaf  is  a 
sporophyll  and  has  a  single  sporangium  embedded 
in  its  enlarged  base.  The  leaf  resembles  that  of 
Selagindla  in  having  a  ligule.  In  Isoetes  this  is 
inserted  above  the  sporangium  (Fig.  910),  A  micro- 
sporangium  contains  very  numerous  !iiierosp{)res.  A 
megasporangium  (I'ig.  910)  libnvisi^  contaiiis  many 
megasporc'S,  but  nothing  like  so  in;my  as  there  are 
microspores  in  a  nucrosporangium.  In  !)otli  micro¬ 
sporangia  and  megaspnrangia  are,  in  addition 

to  the  siKUTs,  plates  of  st(‘ril(‘  tissue.  The  ga,meto- 
phytes  are  very  similar  to  those  of  Selaginclla.  Each 


Fig.  910,  Base  of 
sporophyll  oif  Iso¬ 
etes  with  mega- 
sporangium 

After  Broxigniart 


Fig.  911.  Mule  gameiophyte  mtl 
speriiiauixoid  of  l>ocrcs 

very  ymm%  gamctophyte  (be¬ 
low,  a  Hingk  prothulliiil  cell,  aiid, 
alK)w  tins,  which  will  fi>rm  ttif* 
anthcridiiim)  j  ih  further  devt^b 
opiiiciit  of  aiitliiTiilimii ;  /J,  anther* 
itlium  withs|HTiitatuwtitE; 

Hiiiloxoid.  (After  Ikdideflj 


Fic.  912.  Friiwlc  pimHopliyteofFwiei 

and  de*vflopnieiii  of  archegfmiuiii 
After  ( AmplHdl  imti  Im  Mcitle 
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microspore  gives  rise  to  a  male  plant  which  develops  within  the  spore 
The  male  plant  consists  of  a  single  prothallial  cell  and  an  antheridium 

(Fig.  911).  The  female  prothal- 
^  ins  is  developed  witliin  the  mega- 

V  ijpore  and  pr<.)duces  archegonia 

Odg.  912).  As  in  other  Fteri^ 


Fic,  913.  L^pidodendron^  two  iigures 
to  the  left;  and  Sigillaria^  jfive  figures 
to  the  right 

After  Grand  VEury 


dophyta,  the*  fertiliz(*d  egg  de¬ 
velops  ink)  a  spor(){)hyte. 

/see/as*  is  often  ineluded  in 
the  Lycopoduneae,  hut  is  some¬ 
times  placed  in  a  cla..ss  by  itself. 
It  differs  from  other  lyeopods 
in  that  it  has  multi  flagellate 
spermatozoids,  in  which  respect 
it  resembles  the  Filicineae  and 
Bquisctinme  ratiier  than  the 
Lycopodiineac. 

Fossil  Lyeopods 

General  characteristics. 
In  the  (Carboniferous  period 
lyeopods  were  very  mimer- 
oils,  and  ranged  from  small 
herl,)ac(‘ous  v^pecies  veuy  simi¬ 
lar  to  modern  scdaginellas  to 
giant  trees  with  extensively 
developed  secondary  thicken- 
ing  (Fig.  913).  Tliere  may 
have  beerij  and  probably 
were,  forms  witli  only  one 
kind  of  spore,  as  in 
podnmi;  but  certainly  the 
great  majority  had  mega- 
sporangia  with  megaspores 
and  microHp{^rangia  with  mi- 


•  ^  .  crosfKjres,  as  in  HeUigimlla 

(Fig^914),  The  megaspores  produced  female  protlialli  with  arche* 
gonia  as  in  Selaginelh  (Figs.  915,  916),  and  »o  it  may  !kj  supposed 
that  the  mierospores  gave  rise  to  male  prothalli.  Kvidcmtly,  as  in 
modern  forms,  there  was  an  alternation  of  a  dominant  sporijphytie 


Fic.  914.  Sporangia  and  spores  of  Bothrodendron,  a  Carboniferous  lycopod 

Above,  section  of  megaTsporangium  with  megaspores;  lower  left,  microspo- 
rangiiim ,  lower  right,  tetrad  of  microspores.  (After  Reed.)  This  Bothroden¬ 
dron  was  like  Selaginella  in  having  a  megasporangium  with  four  megaspores. 
Another  Bothrodendron  had  a  number  of  tetrads  of  megaspores  in  the  mega- 
sporangium.  Lepidodendron,  like  Isoetes,  had  a  large  number  of  tetrads  in 
each  megasporangium 
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generation  and  a  generation  of  small  gametophytes.  With  the 
passing  of  the  Paleozoic  era  the  giant  lycopods  disappeared.  It 
seems  that  these  left  no  descendants^  as  .the  small  lycopods  of 
today  appear  to  be  relatives  rather  than  descendants  of  the  giants 
of  the  past. 

The  two  most  prominent  genera  of  Carboniferous  lycopods  were 
Lepidodendron  and  Sigillariaj  and  only  these  two  will  be  described. 


Fic.  916,  Megaspore  of  Lepidodemiron  veltheimmnum 

Above,  megaspore  with  portion  of  proihalius  containing  archegoniurn  (x  50). 

Below,  section  of  arcliegonium  (x  140).  After  Gordon 

Lepidodendron.  This  genus  included  numerous  large  trees 
(Figs.  913, 1029).  One  specimen  more  than  thirty  meters  in  height 
has  been  measured.  The  leaves  were  linear  and  arranged  in  spirals 
on  the  stem  (Pig.  917),  so  that  the  leaf  scars  show  a  spiral  arrange¬ 
ment  (Figs.  917,  918).  Like  those  of  modern  lycopods,  the  leaves 
were  small  for  the  size  of  the  plants ;  btii  they  were  larger  than 
those  of  the  recent  forms.  The  large  trees  were  characterized  by 
having  single,  tall  trunks.  The  brandling  was  dichotomous,  and 
considerable  branching  resulted  in  a  rather  dense  crown  (Fig.  1029). 
The  sporangia  were  in  strobili  at  the  ends  of  brandies  as  in  Sehgi*' 
nella  and  most  species  of  Lycopodium,  Thfe  strobili  were  formed  of 
sporophylls,  each  with  a  single  sporangium  on  its  upper  surface 
in  modern  IjycopodialeB.  L^dodmdron  was  heterosporous. 


most  fo^.  The  majority  show  a  considerable  development  of  secondary 

tissues  clue  to  caiiibiai  activity  between  the  xylern  and  phloem. 

Sigillma.  This  genus  also  contained  large  trees,  thirty  meters 
or  more  in  height.  They  were  often  unbranched  (Figs.  913,  1029), 
or  sometimes  the  stem  was  sparingly  divided  dichotomously,  form¬ 
ing  a  few  large  branches  (Figs.  913,  1029).  The  leaves  were  long, 
reaching  a^ngth  c'^  a  meter  or  more,  and  were  often  in  terminal 
clusters.  1  he  leaf  scars  were  usually  in  vertical  rows ;  sometimes 
on  elevated  ridges  (Big.  919). 


hekht  of  eight  or  ten  meters  or  more.  In  many  the  stem  takes  the 
form  of  a  rhizome.  While  some  ferns  can  live  in  rather  dry  situa¬ 
tions  most  of  them  are  found  in  moist  places.  In  warm  and  moist 
Darts'  of  the  world,  ferns  are  very  numerous  as  epiphytes.  The 
structure  of  ferns  is  much  more  varied  than  that  of  either  of  the 
other  classes  of  living  Pteridophyta.  The  ferns  also  for  outrank  the 
other  classes  of  Pteridophyta  both  in  number  of  species  and  in  num- 
ber  of  individuals.  x  r 

Past  history*  At  one  time  it  was  thought  that  ferns  w^'ere  ex- 

ceedingly  common  during  Carboniferous  times;  but  it  has  been 
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Fig.  921.  Sporangia  of  /ygop««m 
After  Renault 

found  that  most  of  the  femlike  fronds  of  the  Carboniferous  period 
bore  seeds  and  so  were  seed  plants  rather  than  ferns.  Plants  which 
appear  to  be  true  ferns  are  known  from  the  Devonian  and  also  from 
the  Carboniferous,  but  it  would  appear  that  the  part  played  by  the 
ferns  in  the  flora  of  these  ancient  times  was  insignificant  as  com¬ 
pared  with  that  of  Equisetineae  and  Lycopodiineac.  The  plants  of 
the  mid-Devonian,  as  we  have  noted,  were  predominantly  leafless. 
Most  of  the  ancient  ferns  seem  to  have  lacked  laminae.  1  he  fronds 
were  branched  naked  rachises  on  which  the  sporangia  were  borne 
terminally  (Fig.  921).  These  original  ferns  were  certainly  very  dif¬ 
ferent  from  those  of  today. 

Since  the  discovery  that  most  of  the  ancient  femlike  leaves  with 
laminae  belonged  to  seed  plants,  it  has  become  more  or  Im  a  ques¬ 
tion  whether  the  remaining  ones  are  ferns  or  seed  plants.  There  are, 
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however,  some  widely  distributed  forms  with  laminae  (Fig.  922)  in 
late  Devonian  and  Carboniferous  times  which  appear  to  be  ferns. 
Large  tree  forms  of  a  group  which  was  abundant  in  the  late  Car- 


Fic.  922.  Archaeopteris  hibemica,  a  plant  which  is  generaUy  regarded  as  a  fern 
Above,  fertUe  leaf;  below,  sterile  leaf ;  to  the  right,  sporangia.  (After  Renault) 


boniferous  and  Permian,  and  practically  confined  to  those  times, 
have  been  regarded  as  tree  ferns  (Fig.  1029) ;  although  it  has  been 
suggested  recently  that  they  may  be  seed-ferns.  They  reached 
heights  of  about  twenty  meters,  and 
were  equal  in  stature  to  the  tallest  of 
living  tree  ferns. 

The  sporangia  of  these  ancient  tree 
forms  w'ere  not  separate  as  in  most  modern 
ferns,  but  were  united  in  groups,  forming 
rings  or  rows,  as  in  what  'is  now  a  small 
family  (Marattiareae,  Fig.  925)  of  tropical 
ferns,  none  ot  which  are  tree  ferns.  The 
ancient  tree  forms,  if  ferns,  were  much 
more  closely  related  to  the  MaToUiac&ie 
than  to  modern  tree  ferns. 

Probably  the  ferns  and  seed-ferns  are  descended  from  a  common 
Stock  but  they  seem  to  have  separated  before  either  branch  ae- 
qmred  lamina,  as  the  earliest  known  seed-fern  is  without  lamina 


Fic,923.  Two  stages  in  the  de¬ 
velopment  of  the  sporangium 
of  Defimtaedia  punctil^bulu, 
a  leptosporangiaie  fern 

After  Cosard 
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Ferns  were  very  much  more  abundant  during  the  Mesozoic  than 
in  the  Paleozoic,  and  their  abundance  and  importance  seem  to 
have  increased  up  to  the  present  day.  As  they  have  increased  in 
abundance  they  have  also  undergone  evolution,  and  most  of  the 
living  ferns  are  of  modern  types. 


Fig,  924  The  mmnwmt  and 
adder’s-tongnc 

A ,  the  mooBWort  {BoifycMum  terria- 
turn) ;  B,  the  adder  Vtongue  {Ophi- 
oglomum  mlgatum) 


Fig,  925,  Chrhtemmm  cummgimaf 
one  of  the  MitraUmcm^ 

Jl,  a  leaf  with  aynangia  (x  i).  B,  en¬ 
larged  view  of  ftynangia.  Note  open¬ 
ing  in  the  individual  8|K)rangia 


Euspomngkte  md  leptosporangiate  ferns.  The  ferns  are  di¬ 
vided  into  two  groups,  the  euBporangiale  ferns  and  the  lepto- 
sporangiate  fems.  In  the  Bryophyta  and  also  in  the  Equmtinme 
and  Lycopodiinemf  the  sporogenous  tissue  develops  from  cells  be¬ 
neath  the  epidermis.  This  appears  to  have  been  true  also  of  the 
PsihphytaleSi  and  is  regarded  as  a  primitive  condition.  Ferns  in 
.  which  sporogenous  tissue  is  developed  in  this  way  are  called  euspo- 


Fic.  927.  Mwrsilea  sporocarp 

Upi^r  left,  inside  of  one  valve  showing  veins  going  to  the  sori  ■  lower  left 

rStf  ”  de^elopLTt  of iriw; 

of  SOI  1 ,  right,  longitudinal  aectjon  of  a  single  sorus.  a,  young  megasporandum  - 
6,  6,  cells  which  will  give  rise  to  microsporangia. .  (After  fob^n)  ^  ’ 
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rangiate  ferns.  The  eusporangiate  lerns  a, re  ri  ^aixieil  u..  more  primi¬ 
tive  than  leptosporaiigiate  ones. 

In  the  typical  leptosporaiigiate  ferns  the  sporangium  and  its 
stalk  are  formed  from  an  e|)iilermal  cell.  Obliciue  walls  develop  in 

this  cell  in  such  a  way  as  to  form 
an  apical  cell,  divisions  of  which  re¬ 
sult  in  the  production  of  a  sporan¬ 
gium  (Fig.  923).  While  the  typical 
eiisporangiate  and  leptosporangiate 
sporangia  are  very  distinct,  grada¬ 
tions  from  one  to  the  other  occur 
in  tiie  simplest  of  the  leptosporan¬ 
giate  forms, 

Eusporgugiate  ferns.  There  are  two 
small  families  of  eusporangiate  ferns, 
ihv  (}p!mgl(m(M:em  and  tire  MaraUwh 
mu.  All  the  eiisiwrangiate'  ferns  are 
hniiiospnroiis.  In  most  spt‘ci(‘s  of  the 
( ^pliiagiimaceae  tlic!  sPmi  is  luiderground 
and  |)roclm‘es  a  single  leaf  at  a  time 
a  BVoni  tliis  leaf  there 

ari.^os  a  stalk  whicdi  may  l>e'  a  con- 
tiiiuatioit  of  the  petitile,  and  on  which 
the  s|Kirarigia  are  lioriie  (Fig.  924).  The 
gaiiieto|)liyte  is  mostly  siihterranean, 
and  is  saf:irc:ip!iytie,  as  in  Lyti^pmlium. 

The  Mamtiimem  are  a  tropical 
family  foiitairiiiig  both  sitial!  and  large 
ffoifis.  In  some  eases  tlie  S|w:iriingia  are 
fiised  ifitci  gro«|:is  failed  syiiaiigia  (Fig. 
trifo,  Th<»  protlialhis  is  an  iii«h»peiident 
green  plant,  and  in  some  cases  is  ratlim  large  and  braiiehed  am!  resemlika 
that  of  a  thallus  liverwort. 

Leptosporangiate  ferns.  Most  of  f  ho  mojlorn  fcrnH  are  included 
in  this  group,  and  it  is  in  tlietn  that  \w  find  the  great  variety  of 
vegetative  structures  mentioned  in  the  introduction  to  liie  Fili- 
cineae.  There  are  two  hundre<l  or  nmre  genera  and  some  ten  thou¬ 
sand  species.  Most  of  the  leptosporangiate  ferns  are  homosjxsrous, 
but  there  is  a  small  group  of  water  ferns  which  are  hetero.sporous. 


Fi€,  '928.  Marsiiva 


A,  in  thf  sut'Ilm,^  uf 

the  part  of  the  spi^rurarp  its 
which  the  ‘'ori  an‘  lUtarhctl.  a 
sorus  slKtwioji;  J 

thfi  li|i;ht<‘r-colorc(i  botiiths  are 
inicn»|s<iranaci  with,  laicnt.-porc:*^. 
J>,  the  iiiucilaginous  rin^  bus  car¬ 
ried  the  sort  out  of  the  sporocarp. 

(After  Ilanstcin) 
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In  the  homosporons  leptosporangiate  ferns  the  sporangia  are 
usually  arranged  in  definite  groups  or  sori,  but  may  be  scattered 
over  the  whole  under  surface  of  the  leaf.  In  some  cases  the  sorus  is 
without  a  covering ;  in  others  there  is  a  thin  membranous  covering 
known  as  an  indusium  (Fig.  822).  In  some  the  sporangia  occur  in 
longitudinal  lines  near  the  margin  of  the  leaf  and  the  edge  of  the 


Fig.  929.  Marsilea 

microspore;  B,  microspore  in  which  the  small  prothallial  cell  seen  in  the 
lower  part  of  the  microspore  has  been  formed ;  C-F,  stages  in  the  development 
of  the  two  antheridia  (note  the  disappearance  of  the  single  prothallial  ceil) ; 
tj,  spermatozoids.  (After  Sharp) 

leaf  is  rolled  over  to  form  a  false  indusium  (Fig.  828).  The  lepto¬ 
sporangiate  fi'rns  are  divided  into  families  which  are  based  largely 
.on  the  general  character  of  the  sporangia  and  the  nature  of  the 
annulus.  In  all  of  the  hornosporous  leptosporangiate  ferns  the  pro- 
tliailus  is  a  small,  tliin  independent  green  plant. 

Marsilea.  Mar  dim  may  he  taken  as  an  example  of  the  heterosporous 
ferns.  Th(»  stern  of  Marsilea,  is  creeping  and  branehed.  The  leaves  have 
long  stalks,  and  each  ic^nninates  with  four  cloverlike  leaflets  (Fig.  926). 
Marsilea  grows  in  sliallow  waicT  or  vc^ry  wet  ])laces.  Wlien  growing  in 
watrT,  hmgih  of  kMdstaik  varies  wath  the  depth  of  the  water.  The 
S]ror(^s  of  Marsilea  an;  of  two  kinds,  megaspores  and  microspores.  These 
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are  formed  together  within  a  hard  oval  stniefnre  known  as  a  sno 
The  sporocarpa  are  borne  on  short  sf.aiks  whieh  ,aris<.  fnmUhe 
of  the  stalks  of  f(>rtile  leaves  (Fig.  1*211,.  Th,.  sporoe.arp  corresponds 
leaf  segment  which,  hy  a  peculiar  method  ,.f  srowth',  nrodu Jesl  hi  ! 
covering  within  which  are  numerous  sporangia  arranged  in  sori  (Fip 

I  he  macros,  .oraugia  and  microsporangia  ocvur 

m  the  same  sorus  ( Fig,  l*2Si.  .\rter  a  period 
o.  rest,  .  he  ,sp„rocarp.s  germinate  when  placed 
in  water.  1  he  part  of  a  .siKiroearp  to  which 
the  .sou  are  aft.;vchp<i  becomes  geliitinoins  and 
swells,  tlnis  carrying  tin,  .sori  outside  of  the 
covering  oi  the  sporocarp  (Fig.  <S2«).  Various 
features  of  the  water  fern.s,  including  the 
niKluHi  hy  w!iU‘h  the  simrmim  are  formed 
ll-ig.  !*2,-i  show  clearly  th.at  the  wah-r  ferns 
belong  to  the  modern  fern,  that  Is,  the  lento- 
HponiULd.'ito  fVrus. 

-Vs  in  S(i,u,uw!la,  a  male  gjimetophyte  de- 
v.‘lop.s  withm  a  micros.pore.  '('his  cmw.sts  of 
one  or  t  wo  profhalli.al  erlls  and  two  aidhcridia 
(i'lg.  A  single  arcliegonimn  «  formed 

at  one  end  of  a  megaspore,  wliich  thu.s  1»- 
comes  the  teruale  gaiiiefophyte  (Fig.  1), •(()). 


Interrelationsliip  of  PteTidopfy^ia.  In 
the  early  Devonian  there  iipfK'ared  the 
rnnst  primitive  ol  the  known  orders  of 
Fieri, iophyta,  (he  Fmhphylulr.s.  JMore 
the  done  of  the  Devonian  F.ilophZ 
ks  seem  to  have  di.stipjK^Hred,  hut  lx>hre 
they  did  .so  they  hat!  gi-ven  ri.se  to  three. 

iL  ra  •  .1  r  P^**'^****^‘’d  and  di.stinet  lines  of  evoltit  ion* 

thpEqmsehneae,  the  Lympwliitmw,  anti  the  Filirinear  (Fig  1037)' 

aommant  plants  in  Carboniferous  time.  I{<>fore  tim  dmvn  of  the 

podtion*such^asTh^’^°^  and  soon  sank  to  an  unimfmrtant 

positaon  such  as  they  occupy  at  present.  1'he  Filirimae  developed 
much  more  slowly,  and  difi  rmf 


Note  thiiit  n  single  very 
large  cell  with  numerous 
starch  grains  pra(‘.tically 
fills  the  megaspore  and 
that  at  the  end  of  this  cell 
there  is  a  single  archego- 
nium  which  projects  from 
the  spore  wall 


“=>  «...  int„ 

mre  ^  r  ‘T*  '''''‘''"I’' P™l»>-ly 


CHAPTER  XXVIII 


DIVISION  SPERMATOPHYTA 

General  characteristics.  The  Spermatophytaj  or  seed  plants, 
are  distinguished  from  all  others  by  the  possession  of  seed.  In  the 
Spermatophyta  the  familiar  seed  plant  is  a  sporophyte.  The  sporo- 
phytes  of  this  group  are  the  most  complex  of  all  plants,  and  among 
them  are  found  the  classes  of  plants  which  are  generally  regarded 
as  the  culmination  of  the  evolutionary  processes  in  the  plant  king¬ 
dom.  In  the  Spermatophyta  the  sporophyte  reaches  its  highest 
development.  In  the  bryophytes  the  sporophyte  is  small  and  de¬ 
pendent  on  the  gametophyte.  In  those  forms  with  the  simplest 
sporophytes  this  dependence  is  complete,  while  in  the  Anthocerch 
tales  the  sporophyte  is  partially  self-sustaining,  as  it  has  assimila¬ 
tive  tissue  with  chlorophyll.  In  the  Pteridophyta  the  sporophyte  is 
dependent  on  the  gametophyte  only  during  its  early  stages,  and  in 
homosporous  forms  the  mature  sporophytes  and  gametophytes  are 
both  independent  plants ;  there  are  thus  two  independent  genera¬ 
tions.  In  the  heterosporous  pteridophytes,  sporophytes  and  game¬ 
tophytes  are  still  separate  plants ;  but  the  gametophyte  is  reduced 
and  is  dependent  for  its  nourishment  on  food  derived  from  the 
sporophyte.  In  the  Spermatophyta  the  gametophytes  lose  their  in¬ 
dependence  entirely :  they  are  nourished  by  the  sporophyte  and 
develop  within  the  sporophyte.  The  spore  which  gives  rise  to  a 
female  gametophyte  is  surrounded  by  the  tissue  of  the  parent 
sporophyte  during  its  entire  existence,  and  so  is  the  gametophyte 
itself.  We  find  thus  that  the  relative  importance  of  sporophytes 
and  gametophytes  is'  the  reverse  of  the  condition  found  in  the 
simpler  bryophytes.  Within  the  Spermatophyta  themselves  we  see  a 
continuation  of  the  development  of  the  sporophyte  and  a  decrease 
in  the  development  of  the  gametophyte. 

Sporangia,  and  spores.  All  seed  plants  are  heterosporous  in  the 
sense  that  there  are  two  kinds  of  spores,  one  producing  male  pro- 
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T.h3.11i  and  the  other  female  prothalii.  The  two  types  of  spores  are 
very  different  in  appearance  and  are  produced  in  very  different 
kinds  of  sporangia,  and  the  prothalii  which  are  developed  from 
them  are  very  dissimilar.  The  terms  "megaspores”  and  "micro- 
spores”  which  are  used  in  the  Pferidophyta  are  also  applied  in  the 
Spermatophyta  to  spores  which  proiluce  rc'spectively  female  and 
male  prothalii.  The  names  are  misleading  in  that  there  are  no  .such 
differences  in  size  ainon^  tlie  spores  as 
bc'tween  nH\i;‘aspc)res  and  microspores 
of  the  the  iiiicrospores  of 

the  Pi^rrmdfophiita  being  often  larger  than 
the  megaspon^'^.  As  the  important  differ¬ 
ence  is  not  oiu'  of  size  but  of  tiie  sex  of  the 
protlialli  produced,  the  terms  ^'gyiio- 
spores ' ’  and  ^ '  androspores  '  are  more 
appropriate. 

In  Spcrffiaiophyki  the  androspores, 
or  mica'ospures,  are  known  as  pollen 
grains,  and  the  sporangia  in  wliicli  they 
an^.  prodiuanl  as  pollen  sacs.  The  gyno- 
si'xirangium,  or  nieg(i.sporangitii:rg  is  the 
ovule. 

The  sp<‘rmatophyies  are  divided  into^ 
two  classc\s,  gyrnnosperms  and  angio- 
spenns.  In  the  angios{>eriiis  the  ovules 
are  enclosed  in  ovaries;  in  tlie  gymno- 
sperms  they  are  exposed  as  they  are  in 
the  pt endophytes. 

Ovule  and  female  gametophyte.  The  ovule  consists  of  a  central 
mass,  the  nucellus,  or  sporangium  pro|Ku,  enc loscal  in  one  C  Fig.  9«ll) 
or  two  envelopes  called  integuments.  The  iidegumentH  arise  as 
collarlike  outgrowths  which  grow  up  over  tlu^  nma^lltis  and  inxvhse 
it  completely  except  at  the  apex,  where  there  is  a  small  opmiing,  ilm 
micropyle  (Figs.  325,  931).  A  spore  mother  cell  is  foniual  witlun 
the  nucellus  (Fig.  932).  In  most  Bpiaues  tfiere  is  only  one  spore 
mother  cell,  but  in  some  cases  there  are  more.  Typicrally  tlie  spore 
mother  cell  divides  to  form  a  row  of  four  spores  (Fig.  932).  Tliree 
of  these  degenerate,  while  the  remaining  one  germinates  (Fig.  932) 


Fig.  931.  Longiliidioa! 
section  through  ovule  of 
Cycas  rumphii 

The  ovule  consists  of  the 
nucellus  surrounded  by 
an  integument;  within 
the  nucellus  is  a  young, 
rounded  female  prothal- 
ius.  (x  20) 


Fi€.  932.  Spore  mother  cell  and  spores  in  ovule  of  Zamia  floridana 

Center,  spore  mother  cell  within  the  nucellus,  the  curved  lines  outside  the 
nuceiius  showing  location  of  the  integument ;  left,  four  spores  formed  by  the 
division  of  the  spore  mother  ceil ;  right,  the  three  apical  spores  have  begun  to 
disorganize,  while  the  lowest,  which  will  give  rise  to  the  female  prothaUus,  is 
enlarging.  (Redrawn  after  F.  Grace  Smith) 


Fi€.  933.  Longitudinal  section  llirougli  ovule  and  seed  of  Cycas  rumpMi 

Left,  ovule  some  inenths  hefon^  fertilization;  o,  outer  layer  of  the  integument; 
s,  stony  laytT  of  the  integument;  f,  inner  fleshy  layer  of  the  integument; 
n,  nuc.elius;  p,  female  pruthallus;  a,  archegonium.  Center,  an  older  ovule; 
the  ;>rothalius  has  enlarged,  while  the  nucellus  has  largely  disappeared.  Right, 
an  einbryt)  has  grown  from  one  of  the  archegonia  and  penetrated  into  the 

protlmllus.  (X  ii) 
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and  produces  a  female  gametophyte,  or  protballiis,  which  remains 
permanently  enclosed  within  the  sporangium  (Fig.  933).  In  most 
of  the  gymnosperms  archegonia  are  produced  at  the  micropylar 
end  of  the  prothallus,  but  in  the  angiosperms  there  are  no  arche- 
gonia  and  one  of  the  cells  of  the  prothalliis  becomes  an  egg. 

Pollen  sacs  and  pollen.  The  poilcui  grains  are  borne  in  sporangia 
on  sporophylls  (Fig.  934)  which  are  called  stamens,  In  most  of  the 
gymnosperms  the  pollen  grains  are  carried  by 
the  wind,  and  by  chant‘t‘  some  are  deposited 
,at  or  in  the  mic‘rt>pyle  (,Fig.  997)  of  an  ovule. 
The  pollen  grain  scauis  out  a  pollen  tube  that 
grows  througli  th('  luuadlus  toward  the  arche- 
gonia  , (Fig.  999).  The  eggs  in  the  archegonia 
are  fertilized  either  by  spermatozoids  or  by 
male  nuclei  from  tlu^  poikai  tube.  In  the  angio¬ 
sperms,  whi'U't^  ovuU‘s  are  enclosed  in  an 
ovary,  tlu‘  polkai  grains  arc,^  deposited  on  the 
stigma,  and  the  pollen  lube  grows  through  the 
style  lieforc^  rc^aclsing  th(‘  ovule  (Fig.  326), 
Seed.  The  f(‘rtiliz(‘d  (\gg  germinates  and 
produces  an  embryo  wliich  is  (*m‘los(‘(l  within 
tlio  (issue  of  th(‘  ovuita  'Fhe  embryo  togetlwr 
witli  tlu^  surroiHKiing  tissut^  of  the  feinaic  ga- 
metophyte  and  of  th<‘  ovuk*  (Fig.  §33).,  or  of 
the  ovule  alone,  is  known  as  a  seed,  Tlu^  seed 
is  the  characteristic  structure  of  the  division 
Spermatophyta.  In  the  angios|K*nns  the  nuccdlus  almost  com¬ 
pletely  disappears  during  the  growtli  of  the  seed. 


Fic.  934.  Under  sur¬ 
face  of  siaminate 
sporophyll  of  Cycas 
rumphii^  showing 
many  pollen  sacs, 
(  X  ii) 


CLASS  CYMNOSPERMAE 

The  class Gymnospermae  is  the  luore  priniifive  of  the  two  (rlnsseH 
of  the  Spermalophyia,  and  is  characterized  by  ovules  which  are  not 
enclosed  in  ovaries.  The  term  "enclosed”  i.s  u.sed  in  the  sense  of 
being  surrounded  by  a  continuous  covering  of  t  issue.  It  is  laasessary 
to  distinguish  between  being  enclosed  in  this  way  anti  being  hidden 
and  surrounded  by  a  number  of  different  structures.  In  the  pin«‘, 
for  instance,  the  scales  of  the  cone  are  so  close  together  until  tlio 


Fig.  935.  Cycas  rumphii 

At  the  apex  there  is  a  group  of  young  ovulate  sporophylls  with  ovules  slightly 
past  the  pollination  stage;  below  the  sporophylls  is  a  whorl  of  foliage  leaves; 
below  this  IS  a  eirele  of  old  sporophylls  with  nearly  matured  seeds ;  below  these 

sporophyils  is  another  whorl  of  leaves,  (x 
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seeds  are  ripe  that  the  seeds  are  completely  surrounded  and  hidden 
from  view.  However,  the  scales  are  never  actually  united  but 
simply  in  close  contact.  When  the  cone  opens  it  does  .so  by  the 
spreading  apart  of  the  scales.  In  angiosperms  the  fruit  opens  by 
actual  splitting  or  by  the  breaking  down  of  tlic  covering,  and  not 
simply  by  the  separation  of  distinct  parts. 

In  the  pine  the  scales  not  only  separate  when  the  seeds  are  ripe, 
but  also  at  the  time  of  pollination,  so  that  thc-re  is  an  opening  by 
which  the  pollen  can  reach  the  ovules.  In  the  angiosperms,  as  was 
shown  in  an  earlier  chapter,  at  the  time  of  pollination  the  ovules 
are  enclosed  in  an  ovary,  the  pollen  grains  are  deposit  ed  on  a  st  igma, 
and  the  pollen  tube  must  go  through  t-lu^  tissue  surrounding  the 
ovules  in  order  to  reach  the  latter. 

In  the  structure  of  the  vtuscular  element  s  gyinnosperms  are  more 
primitive  than  are  angiosperms.  In  the  htrger  and  more  primitive 
orders  of  the  gymnosperms  the  wood  is  eompo.-^ed  of  Iracheids  and 
wood  parenchyma  and  does  imt  contain  winul  tibers  or  v(‘ss(‘ls. 
Companion  cells  are  not  found  in  the  phto(>m.  .Vs  we  hav(>  st'en 
earlier,  the  vessels  and  wood  fibers  of  the  angiosperms  originated 
through  the  specialization  of  tracheids.  d'he  dilTerence  in  the  char¬ 
acter  of  the  wood  in  gymno.sfKTins  and  angio.'^pcrms,  ;ind  the  ex¬ 
posed  position  of  the  ovules  in  thegymuosp(>rnis,  an*  fcaf  ures  which 
indicate  that  the  gymnosperms  are  more  primitive  than  the  angio¬ 
sperms.  More  complete  evidence  for  this  vi(‘w  will  he  givtui  later. 
The  life  history  of  Cycm,  the  most  primitive  gimu.s  of  living  .see<l 
plants,  will  serve  as  an  introduction  to  flat  i>pfrinaU>]>hyia. 

Life  History  of  Cyras 

Sporophyte.  The  cycads  are  a  smtill  group  of  plants  with  eithiT 
a  columnar  (Fig.  935)  or  a  tulterous  stem  whicli  Itears  a  crown  of 
leathery  pinnately  compound  leaves  (Fig.s.  9411,  95C.  I'he  stems 
are  unbranched  or  sparingly  branched.  In  the  stem  there  is  a 
relatively  large  pith  surrounded  by  a  band  of  woody  fi.ssu('  which 
increases  in  width  by  secondary  thickening  fFig.  9311).  h  slight 
development  of  secondary  thickening  is  found  in  koiik'  f('rn,s,  but 
the  cycads  are  the  most  primitive  living  plants  tliat  have  a  great 
development  of  secondary  wood. 


Fig.  936.  Cross  section  of  trank  of  Crcas  chamberlamii 


A  B  C  M 

Fig.  937.  Ovulate  sporopbylls  of  cycacis  , 


Af  Cycas  revoluta  with  young  ovules  (x  f ) ;  B,  Cycas  drcmdMs  with  young 
ovules,  (x  f);  C,  Cycas  rumphii  with  seed  (x  f).  This  species  usually  bears 
six  ovules,  but  t\VD  or  four  are  also  frequent.  D,  Dioon  edule  with  seed  (X  |) ; 
By  Zarnia  with  seed  (x  1) 
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Both  the  ovules  and  the  pollen  sacs  are  borne  on  incxlihed  leaves, 
known  respectively  as  ovulate  sporophylls  (Figs.  935,  937)  and 
s.taminate  sporophylls  (Fig.  934).  The 
staminate  sporophylls  are  relatively  small, 
bear  large  numbers  of  sporangia  or  pollen 
sacs  on  their  lower  surfaces,  and  are  aggre- 
gated  into  definite  cones  (Figs.  93S,  939, 

940)  produced  at  the  apex  of  the  stem.  In 
all  the  genera  except  Cyrm  the  ovuU's  also 
occur  in  a  cone  (Fig.  941)  at  the  apex  of 
the  stem.  In  the  genus  Cijcas  the  ovulate 


P'  ,* ' 

^4' 

S-  : 

I-'  . 


FiC.  938.  Cone  of  slam  male  sporopbylh  of 

Cycas 


Fic.  939.  of  .staininale 
sporopljyllH  of  Zumia  flori- 
dmm,  I  X  I ) 


sporophylls  are  not  in  cones  (Fig.  935)  and  are  sonanvlnit  similar 

to  ordinary  leaves  (Fig.  937) ;  they  arc  produced  at  the  tip  of  the 
stem  in  whorls  alternating  with  whorls  of  ordinary  leaves  (Fig. 
935).  The  ovulate  sporophylls  of  Cyem  mJoluUi  are  very  leaflike 
in  appearance  (Fig.  937),  while  those  of  the  gtmus  Zaniiti  bear 
almost  no  resemblance  to  ordinary  leaves ;  between  these  two 
extremes  there  are  various  gradations  (Fig.  937).  The  leaflike 
appearance  of  the  ovulate  sporophylls  of  Cycm  nwlula  indicates 
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that  they  have  been  derived  from  ordinary  spore-hetiring  leaves, 
and  the  gradations  between  the  ovulau^  sporo|)liylis  of  Cyras 
revohda  and  those  of  Zamia  indi(‘at(^  tliat  evcai  ihe  higlily  modi¬ 
fied  sporophylls  of  Zaniia  liad  a  similar  origin. 

Ovule  and  female  prothailus.  In  tlu‘  (‘y<‘a<!s  the  ovule  consists 
of  the  nucellns,  or  sporangium  propcaa  and  a  singh^  integument  ern 
eh)sing  tla^  miechlus,  ex(*(‘pt  th;.t  :it  tlie  apex 
then^  is  a  small  oponing,,  the  micropyle  (Fig, 
9MI),  W'ithiu  th(‘  muadlus  tliere  is  produced 
a  spon^  motiuu'  (‘ell  wliicli  divides  to  form  a 
row  of  thiaa'  or  f{>ur  spores  (Fig.  932).  All 
exc‘ept  o!ie  of  tlu\si‘  degenerate  and  disap¬ 
pear,  while*  th(*  fimc!  iona,.!  spore  germinates 
within  t!u*  lauM^iius  i  Fig.  932)  and  produces  a 
hirge  oval  female  profhallus  ((Figs.  931,933). 
This  protiiallus  is  retained  permanently 
within  (lie  ruu'ellus. 

I  h{*  hrsi  di\'i>it >0  o}  thi*  siitire  nueliais  is  with¬ 
out  till*  format  iua  of  cross  walls*  Tliis  is  also  true 
of  s<*V(*ral  suf{‘(M'diiia  divisions,  hliis  inetliod  of 
divisit)!!  is  known  a-:  fm?  riutflcNar  divisit.m,  and 
the  result  is  tJiat  t.hen*  are  c|uite  a  number  of 
nu(d(d  whi(‘h  lie  free  in  t!tcM:*yto|>lasiii  o^ 
ing  prnthallus.  At  a  vi^ry  early  stage  a  large*  (*en- 
trai  vaeuot*  a|')f>(*ars  i?i  tlie  fyto|">las!ru  so  tliat  the 
mndei  lie  in  a  peripheral  layer  nf  cytoplasm  which 
lines  the  spore  wall  (Fig.  942).  AfitT  the  nncUn  haw*  iHTome  immerous, 
walls  are  formed.  The  wall  fonnatioi!  appcvirs  first  at  the  ptTiphery  mui 
proceeds  progressively  inward  until  tlie  putihallus  whidar.^ 

As  the  prothallus  matures  it  produces  andu^goina*  whicli  are 
usually  in  a  group  below  the  mitjropyle  (Figs.  {133,  943,  944 'K  The 
archegonium  of  the  cycacls  consists  of  two  neck  cells  and  a  large  egg 
cell  (Fig*  944),  The  neck  canal  cells  found  in  l?ryophytes  ami 
pteridophytes  are  lacking,  whik*  the*  vcrntral  canal  (*cll  is  repre¬ 
sented  by  an  evanescent  ruiclcnis  wliiclp  with  tlie  surrounding 
cytoplasm,,  disorganizes  soon  aft.er  its  formation  (Fig.  945).  Tliis 
evanescent,, nucleus  appears  to  have  no  function,  but  represtmts  tlie 
survival  of  an  ancestral  characteristic. 


Fic.  942.  Longitadinid 
section  through  ovule 
of  Ceratozamia  km$i' 
folia 

In  the  center  is  a  de¬ 
veloping  prothallus.  At 
this  stage  it  is  multi- 
nucleate  without  cross 
walls,  and  the  proto¬ 
plasm  with  the  ntndei 
lines  the  spore  wall 
(X  10).  After  Treub 


Fi€.  943.  LongintKlinal  Kefiiom  of  apioul  portiow  «f  of 
ftliorlly  boforo  tlie  iinw  of  ftotili/odoii 

Above  18  the  niicellus,  through  whieli  pollen  f  me  growing ;  below  ir^  o  |wt. 
tioB  of  the  feiwaie  protlialln.s,  Hhnwitig  two  orrltrgoiiin 


Si 


Before  being  shed  the  pollen  grain 
rsjsp^-  germinates  and  produces  a  male  ga- 

metophyte,  or  prothallus,  within  the 
3^'  pollen  grain  (Fig.  946).  This  game- 

"Q.  tophyte  con.sists  of  a  sterile  prothal- 

■«'  S  "Si  lial  cell,  a  generative  cell,  and  a  tube 

IS  three-celled  condition 

the  pollen  grains  are  shed.  The  pol- 

„  ,  ,  ,  f  u  len  grains  arc  carri('d  by  the  wind 

Fic.  944.  Development  of  arche- 

gonium  of  Dioon.  (  X  75)  an  ovule  through  the  mi- 

After  Chamberlain 

tube  c*e{l  sends  out  a  pollen  tube 
which  becomes  embedded  in  the  niuadlus  and,  hy  eloni^ating, 
carries  the  prothallial  and  generative  (‘cdls  tlirougli  the  micellar 
region  toward  the  archcgonia  (Fig.  Otb).  Tlie  generative  ceil 


/•;  -  a 


Fic.  945,  Arcliegonia  and  «iggj4  of  Cyras 

Left,  archegonium  in  the  upjHT  pari  of  whi«4i  Iht*  vent ral-ranal  rmrietm  and 
surrounding  cytoplasm  are  filaintegralmg  (x  17) ;  CHmten  tm  egg  into  the  upper 
portion  of  which  a  spermatozoid  has  peiad rated  (x  22) ;  rights  an  egg  with  the 
nucleus, of  the  spcTrnatoxoid  about  to  fuse  witli  the  egg  iiiieleus  (x  22) 


Fi€.  946.  Pollen  grains  aiul  |»o!len  of  fumphii 

i,  pollen  grain  before  cliviHion  c^f  imelou.H  (x  insu*, 

formation  of  male  prothaliu«;  above  ih  llte  brae J nor  b^-lott  fboi  tfir  1^4 
erative  cell,  below  the  generative  et41  the  proiiiallial  rf^ll,  f  .  ps»lb*n  !i|hib»4r-ir 
division  of  body  cell  (x  47);  I,  tube  tuielru.M:  h  b  u 

p,  prothallial  ceil.  1),  pollen  tube  in  wlisrh  tlw  |irMflulhal  »;rll  and  oil 

are  disappearing  iiiui  in  which  the  liuiiy  eeil  has  tiivultni  to  lorm  fwo 
tozoids.  E,  an  older  stage  showing  the  two  Hperiuato/oiib,  » luM  Itto  drawiiigH 

after  iVliyakei 
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Section  of  upper  portion  of  ovule  showiniii; 
integument  surrouruiing  nuceilus.  in  tlu' 
upper  part  of  the  nuceilus  IIktc  is  a  ca.\  i- 
ty,  the  pollen  chamber.  Folkui  grains  ar<‘ 
seen  germinating  in  the  jKillen  cfiarnher. 

(After  Lawson) 


later  gives  rise  to  a  sterile 
stalk  cell  and  a  large  body 
celt  (Fig.  946).  The  lat¬ 
ter  produces  spermatozoids 
(Fig.  946).  These  are  large 
llagollai  ed  structures  which 
have  the  ability  to  swim 
(Fig.  94S).  The  p<jllen  tube 
approaches  the  archegonium 
and  disduirges  the  sperma- 
tozoids,  one  of  which  enters 
ttie  archegonium  and  fuses 
with  th<'  egg  cell. 

d'he  flagellated  sperma¬ 
tozoids  in  a  higlily  devel- 
opt'd  land  plant  show  the 
survival  of  a  character  ac- 
(piired  by  a((uat  ic  ancestors. 

Seed.  I'he  fertilized  egg 
develops  and  produces  an 
einhryo  whidi  remains  eru- 
Ix'dded  in  the  profhallus 


(Figs.  93S,  949).  The  fer- 
tilizeci  egg  iinclergoes  a  long 
period  of  free  nuclear  divi¬ 
sion  similar  to  tliat  of  the 
protlialhis.  In  this  way  a 
proembryo  is  formed  (Fig. 
950).  A  conspieiious  mass 
of  cells  is  formed  at  the  base 
of  tiie  proembryo.  The 
lower  of  become  the 

embryOj  while  tliose  above 
differentiate  inf.o  a  suspen- 
sor.  The  hitf.er  elongates 
very  greatly  and  earries  the 
embryo  down  into  the  prothallus.  In  mature  secak  the  suspensor 
forms  a  conspicuous  structure  at  the  base  of  the  embryo  (Fip. 


Fig,  948.  SpermatozoM  of  Zamia  fl^ridana 

a|M!x  of 


Left,  side  view 
spiral. 


(X  125)*; 

(After  WebbcT) 


SpermatophyM 

933,  949).  The  embryo  in  most  genera  of  cycads  has  two  large 

cotyledons.  ,  .  •  +  Tr. 

After  the  embryo  reaches  a  certain  size  the  seed  is  mature,  in 

the  mature  seed  the  embryo  is  surrounded  by  the  prothallus,  and 


C  » 

Fic.  949,  Longitudinal  section  ol  seed  of  Zofniu 


A,  female  pro tballus  with  twoarcheg<mia,  enrlfiHcd  in  a  ruirclliiH,  ainl  thin  wifluii 
the  integument;  iL  t>lder  stage  in  wlikdi  the  nueelhw  has  hmvly  fhinapirarril ; 
C,  early  stage  in  the  devehipmcmt  of  the  embryo  Inule  the  lung  naltnl  f4frnf- 
ture,  suspensor,  which  pushes  ilia  eiwhryo  info  the  pfoiiialliisi ;  /'h  iiiature 
seed  consisting  of  embryo  surrounded  by  priithallus  and  this  by  the  soihI  cout 
formed  from  the  integument.  The  sectl  nmt  consists  id  thrive  layers,  a  fhiti 
jSeshy  inner  layer,  a  thick  stony  layer,  and  ast  ill  t  luck  cr  fleshy  out  it  Iiiyrr.  t  x  I  i  I 

the  prothallus  is  surrounded  by  the  iuteguiiitud ,  the  iiueelhw  liiiviug 
largely  disappeared  (Figs.  933,  949).  Tlw  prothallus  cumlaiiis  ii 
very  considerable  supply  of  stored  hiocl  I  Hiring  iho 

embryo  lives  on  this  supply  of  stored  food  until  it  hm  dmudoinxl 
sufficiently  to  be  independent. 


Fi€.  9S0.  Zamm  fimMam 

Mt,  free-rwclear  stage;  center,  fonnatK>n  ef  tissue  at  himc^  of  proembryo ‘ 
rights  suspensor  has  begun  to  elongate.  (After  CouIticT  ami  C 'hamlM^liiin) 

sporophytic  generation  is  hcterosporons.  The  spores  givt^  rise  to  the 
gametophytes.  The  female  gametophyte  is  a  prothalkis  that  is 
developed  within  the  ovule,  while  the  male  gametophyte  develops 
from  a  pollen  grain.  Just  as  in  ferns,  the  number  of  chromosomes 
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is  reduced  when  a  spore  mother  coll  divides  to  form  a  tetrad  of 
spores  Therefore  the  spores  and  the  gametophytes  produced  by 
them  are  haploid,  while  the  diploid  number  of  chromosomes  is  re¬ 
stored  when  a  sperm  nucleus  fuses  with  the  egg  nucleus,  this  dip¬ 
loid  number  persists  throughout  the  life  of  the  sporophyte  and  is 
reduced  again  when  a  spore  mother  cell  divides  to  form  four  spores. 

In  the  cycads  the  prothallus,  or  female  gametophyte,  is  re¬ 
tained  permanently  within  the  sporophyte,  and  even  the  young 


Fig.  951.  Cross  section  of  a  portion  of  a  leaf  of  Croat,  showing  miarib  atnl 

portion  of  tliin  part  of  blatit.  (  X  50 1 


sporophyte  begins  its  development  under  the  profection  of  the 
previous  sporophytic  generation.  Thus  the  ganietupliyte,  whhh 
in  the  liverworts  is  the  dominant  phase  and  in  the  fern.s  is  an  in¬ 
dependent  plant,  is  reduced  in  the  cycads  to  a  ctuiditiun  in  ivhieh 
it  is  parasitic  on  the  sporophyte.  On  the  other  hand,  the  sporo¬ 
phyte  is  much  more  highly  specializeil  in  tht*  eye:ul‘‘  than  in  any 
of  the  pteridophytes. 

Order  CycadofUicala  ( Pteridospenns,  or  Secd-Feriwi 

General  characteristics.  This  extinct  order  of  idants  apjMatnai 
first  in  the  Devonian  period,  and  Ixiciinie  v<Ty  prominent  in  Intth 
species  and  individuals  during  (larboniferou.s  time.i.  Some  re- 


Fig*  9S3*  PGrtioit  of  leaf  of  Lygkmpmrm  Mhamm 
After  Schimper 
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sembled  modem  tree  ferns  (Fig.  952)  and  had  moderately  tall  stems 
with  occasional  branches;  but  many,  and  probably  most,  were 
much  smaller.  The  leaves  are  so  similar  to  fern-fronds  that  for  a 
long  time  they  were  regarded  as  such  (Fig.  953),  and.  it  was  only 
when  it  was  found  that  seeds  were  attached  to  them  (Fig.  954)  that 
the  CycadofiUcales  were  separated  from  the  ferns  and  regarded  as 
the  most  primitive  order  of  the  gym- 
nosperms. 

Stems  of  Cycadofilicales.  The 
structure  of  the  stem  varied  con¬ 
siderably  in  different  genera.  In  one 
of  the  best-known  there  was  a  solid 
stele  (protostele)  consisting  of  solid 
xylem  surrounded  by  phloem,  a  con¬ 
dition  characteristic  t)f  many  primi¬ 
tive  .  pteridophytes,  including  .some 
ferns.  However,  as  in  otlu'r  Cijcado- 
filicales,  a.  camhimw  is  found  b('t\\een 
the  xylem  and  the  phloem,  and  this 
gave  rise  to  a  consid(*r;il)k‘  devt'l- 
opment  of  secondary  tLssiu's  in  the 
same  way  that  secamdary  thick(‘iiing 
takes  place  in  higher  plants. 

One  type  of  stem  has  a  ratlu'r 
modern  structure  (Fig.  955) .  I'liere 
is  a  central  pith  surround(.Hl  by  a 
ring  of  vascular  bundles  whidi  arcs 
separated  from  each  otlu'r  by  pith 
rays.  In  the  bundles  the  xylem  was 
toward  the  center  and  the  phloem  toward  the  e\teri*ir  (Fig, 
as  in  modern  plants,  while  l)etween  the  xyh'tn  and  phloem  was  a 
cambium  which  gave  rise  to  secomlary  thickenijig  in  the  usual 
manner.  These  stems  resemble  cycads  in  containing  much  soft 
tissue  and  in  having  a  wide  ctmtral  pith.  .\Iicrosc«tpi«  details 
emphasize  this  similarity  and  show  that  while  some  of  the  stems 
with  a  central  pith  in  Cymdofilirdn  were  mort>  primitive  thnn 
those  of  the  cycads,  there  were  intcrinediate  fortiis  which  led  up 
to  a  typical  cycad  structure. 


Fh;.  Sphmuptfrt^  trrmi#, 

(lymdnfilitulrs 

Fort  inn  nf  Iruf  wiflt  Mwal. 

(X  Affrr  linlh^ 


Cross  section  of  a  portion  of 
a  ■vascular" bundle  with  sec¬ 
ondary  thickening.  Below, 
■secondary  xylem;  next,  the 
cambinm  followed  by  second¬ 
ary  phloem,  and  then  the  pri¬ 
mary  phloem.  (x35).  After 
Williamson  and  Bcott 


If 


Fio.  9S7,  My$ir0€miu  pm:iif0rmh 


portion  of  frond  with  seed  (X  f). 
Upper  right,  s  small  portion  of  pknl 
with  pollen  sacs,  kiwer  right,  S€«d, 
{After  Ilalk) 
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It  was  characteristic  of  a  very  -large  group  of  CyccidoJilicdlBs  that  the 
stem  had  several  steles,  each  with  well-developed  secondary  thickening. 

Reproduction  of  Cycadofilicales.  On  the  fronds  of  Cycadojili- 
cales  are  found  two  kinds  of  reproductive  structures ;  pollen  sacs 
(Fig.  957)  and  seed. 


Fig.  958.  Lagermstoma  sine! air i 

Small  portion  of  frond  with  seeds  within  sterile  iniverings,  tlie 

X  1 ;  right,  X  2) 

The  pollen  sacs  were  borne  in  groups  on,  the  frinnls,  a  ml 
sembled  the  sporangia  of  some  ferns  (Fig.  1157).  llie  ptilltm  sa<‘s,  or 
sporangia,  and  the  spores  t  hey  con¬ 
tained  are  indeed  so  like  tliose  of 
ferns  as  to  leave  no  doubt  tFat 
they  were  derived  from  hTiiUke 
sporangia  and  spores.  However,  as 
the  development  of  the  spores  re¬ 
sulted  in  the  fertilisation  of  the 
seed,  it  is  logical  to  cal!  the  b|)o- 
rangia  ^'pollen  sacs'"  and  the  sj)ores 
pollen  grains." 

The  seeds  were  also  borne  on  tlie 
fronds,  on  leaflets  or  replacing  them, 
and  were  similar  in  strncture  to 
those  of  the  cycads.  In  many  cases  the  were  surrfmnclial 
by  a  separate  loose  covering  (Bigs.  958,  959).  In  the  tieeci  wiw  a 
nncellus  (sporangium)  enclosing  a  large  prothmllus  (Big.  IMX))  whieh, 
presumably,  was  derived  from  a  single  spore  as  in  the  eyemls* 


Fig.  Serd  cd 
Mkamm  unrnmmhi  hy  fttinile 

Note  the  glMidif  <m  tlio  cni|mlc, 
(After  illwr  ami  teitf) 
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Archegonia  arefouiid  at  the  apical  end  of  the  prothallus  (Fig,  961). 
which  is  the  usual  position  in  gymiiospemis.  Around  the  nucellug 

was  an  integument  which  was  free  from 
the  nucellus  in  some  species  (Pig, 
961),  while  in  others  it  resembled 
that  of  the  cycacls  in  being  free  from 
the  nucellus  only 
at  the  tip  (Fig.. 

960).  A  inicro- 
pyle,  or  opening, 
extended  t Ii  rough, 
tlie  tj'p  of  the 
i,ii tegument". ;  ami 
through  this  tlie 
pollen  grains  en¬ 
tered  tlie  seed. 

Er:nb,ryos  are 
not  found  in  the 
seeds  in  tlie  Cyea* 
d()fiU€aj£s^  nor  in 
l^aieozoic  seeds  in 
general.  It  seems 
probable  that  the  embryos  did  not  develop 
until  the  seeds  were  shed  and  n^ady  to  ger¬ 
minate.  This  indioites  a  primiti^u^  condition, 
because  in  all  living  seed  plants  there  is  an 
embryO'  e.mbedded  within  the  se,ecL 

In  the  apical  end  of  the  niKxdlus  w^as  a 
cavity,  known  as  the  pollen  chamber  (Figs. 

961,  962).  This  varied  in  form  in  <liffcrent 
.genera.  Pollen  chambers  are  also  found  in 
living  cycads  (Fig.  947).  The  pollen  grains 
lodged  in  the  pollen  chamber  and,  apparently, 
increased  in  size  (Fig.  962).  In  these  pollen 
chambers  there  have  been  found  pollen  grains 
containing  a  number  of  cells  separated  from  each  otlicr  by  distinct 
walls,  indicating  the  formation  of  an  anthc^ridiiim  in  the  pollen 
grain,  as  is  the  case  in  the  microspores  of  heteroaporous  pteridm 


Fig.  960.  Longitudinal  aer- 
lion  through  seed  and  ou* 
pule  of  Lygmopteris  old- 
hamm 


t,  integument ;  ronucelius; 
p,  prothallus;  c,  ciipule 


Fig.  961.  Longitudi* 
ruil  aecUou  of  geed 
of  Sii*phmosper- 
mum  akmhides 


In  the  is  a 

largo  pndhfiihiH  with 
two  arehegonia  at 
it H  apex.  Above  the 
arohegonift  the  large 
pollen  <‘liamhfr  in 
the  nufolhw  i«  ««*n, 
Hm*  integument  is 
enunpoHed  of  two  lay¬ 
ers;  it  i«  fioparate 
from  the  nm’tdliia 
clear  to  the  bane  of 
.  the  seed 
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phytes..  Even  bodies 
which  may  have  been 
spermatozoids  havetx^en. 
found  in  some  pollen 
grains.  Altogether  it 
seems  probable  that  the 
Cycadofilicules  had  mo¬ 
tile  sperniatozoids,,  as 
do  cycads  and  Ginkgo, 
but  that  these  did  not. 
develop  in  pollen  tubers 
but  in  antheridia  within 
the  spores  or  pollen 
grains,  as  in  tlie  heter- 
osporous  Ptvridophyia, 
In  this  respect  the  Cycadofihcnles  were  more  prinutivc*  thiin  any 
living  seed  plant. 

Lt/ginopieris  oldha- 
mia.  The  best-known 
of  the  Cycadofilicales  is 
Lyginopteris  oldJiatma 
(Fig.  963),.  all  parts  of 
which  have  been  thor¬ 
oughly  studied.  LygP 
no'pteris  was  a  ferniike 
plant  with  stems  whiein 
reached  a  diameter  of 
about  four  centimet.ers. 

The  leaves  were  large, 
sometimes  a  meter  or 
more  in  length.  The 
stem  was  evidently  erect, 
since  the  leaves  were 
arranged  spirally.  The 
stem  was  so  slender  that 
it  is  doubtful  if  it  was 
strong  enough  to  sup¬ 
port  the  plant,  so  it  is 


Fig.  962.  Tip  of  the  integument  and  nucellns 
,of  Lyginopteris  oldhamia 

f,  integument ;  s,  space  between  integument 
and  nucelius ;  n,  nuceiliis ;  pc,  pollen  ehainher ; 
pg,  pollen  grain;  c,  column  of  nueellar  tissue 
projecting  into  pollen  chamber.  (Aft(*r  Oiivtn') 


I'le*  913.  Lfgimpimk 
After 
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presumed  that  Lygimpteris  scrambled  up  through  other  vegetation 
which  helped  to  support  it.  ,  The  stem  had  a  rather  wide  pith 
surrounded  by  vascular  bundles  in  which  there  was  secondary 
thickening  (Fig,  955).  The  whole  arrangement,  including  the 
vascular  bundles  (Fig.  956),  had  a  rather  modern  aspect.  The 
seeds  were  surrounded  by  a  loose  sterile  covering  or  cupule 
(Fig.  959).  Stalked  glands  are  found  on  the  stems,  leaves,  and 
The  presence  of  these  characteristic  glands  has 
been  very  convenient  in  enabling  paleobota- 
nists  to  identify  isolated  parts  of  Lyginopieris 
oldhamia.  In  tlie  ecmt.er  of  the  seed  itself  is 
a  large  prothallus  {Vig.  960),  which  was  sur¬ 
rounded  by  a  niKtelliis,  and  this  by  a  single 
integurnent.  As  in  inodern  cycacls,  tlie  nucel- 
lus  and  integinnent-  were  fusee!  except  at  the 
apex.  The  tip  of  the  nucellus  formed  a  pol¬ 
len  chamber,  which  was  ring-shaped  in  form 
owing  to  the  pres(m(*e  of  a  central  colinnn  of 
nucellar  tissue  which  projected  into  the  pollen 
chamber  and  extend<Hi  out  of  tlie  micro pyle 
(Figs.  959,  960).  Idic  polkm  sacs  (Fig.  964) 
were  borne  on  lea.ves,  and  had  structure^  very 
similar  to  that  of  die  synangia  of  some  of  the 
modern  ferns  l)elonging  to  the  Muraitiamm, 
Relationship  of  Cycad€fiiimhs.  As  the 
Cycadofilicales  are  so  hornlike  in  many  re¬ 
spects,  it  was  natural  that  at  first  they  were  reganknl  as  ferns 
which  had  developed  seed.  However,  as  far  as  gecdogicad  evidence 
goes  they  seem  to  have  been  as  ancient  as  the?  ferns.  i\Iorecna*r, 
there  are  anatomical  features  by  which  paleolKganists  indien'e 
that  they  can  distinguish  between  th<?  slems  of  ftTos  and  of  the 
Cycadofilicales  even  when  the  reproiluctive  structures  are  not 
known.  Thus,  while  the  great  similarity  of  the  ferns  and  Cycmiih 
filicules  would  seem  to  indicate  that  tiiese  two  groups  are  de-* 
scended  from  the  same  stock,  it  may  well  be  that  ilie  separation 
took  place  .before  the  development  of  the  combinaikm  of  char¬ 
acters  which  we  associate  with  ferns.  If  this  was  the  cam^  the  great 
similarity  between'  the  fronds  of  ferns  and  tliose  of  Cycdiofilkdes 


cupules  (Fig.  959). 


Fig.  964.  Portion  of 
a  frond  of  Lyginop- 
teris  oldhamia 

Showing  the  manner 
in  which  the  pollen 
sacs  were  borne. 
(After  Zeiller) 
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was  due  to  the  development  of  two  related  groups  along  parallel 
lines.  That  this  may  have  been  so  is  indicated  by  the  fact  that  the 
fronds’  of  the  oldest  known  Cycadofilicales  did  not  have  expanded 
blades,  so  typical  of  later  Cycadofilicales  and  ferns,  but  were  com¬ 
posed  of  branched  rachises  with  practically  no  lamina/  A  similar 
absence  of  lamina  was  characteristic  of  the  earliest  ferns. 

The  Cycadofilicales  occupy  much  the  same  position  among  gym- 
nosperms  that  the  Psilophyiales  do  in  the  pteridophytes.  They  are 
known  further  back  in  geological  time  than  any  other  gyniiio- 
sperms,  and  their  remains  give  us  our  best  idea  of  a  generalized 
group  from  which  other  orders  of  gymnospernis  ap|)ear  to  be 
descended. 

Origin  of  the  seed  habit.  It  appears  to  1)0  (^viclcnl  that  an  o\  uli- 
is  a  transformed  sporangium,  and  tliat  seed  originated  thnaigh  thc^ 
germination  of  a  spore  and  tlu^  deveiopment  of  a,  pn)lhallus  within 
the  sporangium.  In  the  simplest  of  the  living  setai  plants  the  spore 
is  one  of  a  tetrad,  and  presumably  this  was  f  nu^  of  tla*  s(‘eds  of  the 
Cycadofilicales. 

There  are  two  theories  as  to  tlie  niaiiuer  in  whii‘h  a  sporangiinu  hrraiue 
transformed  into  an  ovul(‘.  Tniil  rec'eiitly  it  was  v*Ty  gou«‘rally  field  tfiai 
the  ovule  isainodified  rnegasporangiuiu  and  that  the  snore  whieh  nroduet^s 
the  female  protlialiiis  in  the  ovul«^  is  a  megaspore.  Aeeeniing  to  this  tlienry 
the  ancestors  of  the  ('yca(l<filicak\s  mnit  thnmgh  a  hetenepi^rMus  .-tage 
somewhat  like  that  ()f  speriaiization  went  further,  ho\\ever, 

and  only  one  niegaspore  in  a  tedrad  diwelopech  I  his  roiitiifiou  is  foiiml  in 
some  of  the  ancient  lyeopods  and  also  in  modtTa  wat«'r  ftTtis.  1’he  gf*r- 
mination  of  a  single  functional  mc^gaspore  in  a  mtalifif'd  megasporangiiim 

resulted  in  the  ovule. 

In  favor  of  the  idea  that  seeds  resulted  from  a  further  devt^Iopiiient  of 
such  heterospory  as  we  sen*  in  the  IHeridophyia  are  the  facts  lliat 
ospory  developed  independently  in  Kq}iisdimm\  l.f/reyedioo’ur,  and  fh/i- 
cinem;  that  tiie  pollen  grains  td  tlie  CynuiufiUmks  appi^ar  fo  have  ger¬ 
minated  in  tmivh  tite  same  way  as  iidcrosporeH  of  the  Utriduphaki;  and 
that  in  some  of  the  Paleozoic  lycijpfsis  megasiM>rangia  diw'did^^d  into  Ht*ed* 
like  structures.  The  strengtii  of  tins  argmiient  lies  in  the  fart  that  it  shows 
a  method  by  whieli  mnilike  striieturt^s  were  actually  proilinasl  in  the  past. 
Its  w^eakness  is  that  it  is  ImHCil  on  analogy  with  wliai  hap|M*iied  in  other 
groups,  and  not  on  a  consideration  of  what  orciirred  in  the  aiieestry  of 
seed  plants. 

The  failure  to  iiid  large  ami  small  h|kws  in  thi!  mrmity  of  the  siaal 
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plants  or  in  the  seed  plants  themselves  led  to  tlie  other  theory,  according 
to  which  the  seed  habit  originated  tlirough  tiie  gi^nnination  of  homospo- 
rous  spores  within  the  sporangium,  and  the  ancc‘stors  of  seed  plants  had 
neither  megasporangia  and  microsporaiigia  nor  mega.spores  ;uid  micro- 
spores.  At  first  many  spores  started  to  gerniimde  in  a  sporangium,  in 
much  the  same  way  as  do  ordinary  feim  s|-)ores.  ( Iradually ,  t!)r«  )ugh  special¬ 
ization,  the  number  of  spores  in  certain  sporangia  was  nniuced,  and  the 
type  of  prothailiis  changed.  Finally  only  one  s|)or('  germinated  in  the 
ovule,  and  this  produced  a  large  ovoid  prothallus.  Such  a  (*ourse  of  events 
would  really  have  been  very  similar  to  the  speci;iiizati()n  of  nu^gaspores. 
Instead  of  the  spores^  becoming  largcT  and  storing  more  food  as  tliey  be¬ 
came  fewer,  the  protoplast  would,  as  the  spores  IxM-anu'  f(‘wer,  have 
divided  to  form  a  mass  of  cells  in  which  tiu‘  food  was  storc-d.  It  is  largely 
a  question  of  whether  the  protoplast  of  tlu'  spon^  <iivided  aft(U'  the  stor¬ 
age  of  food  as  in  SelagineUa,  or  h<‘ft>n^  or  during  tlu'  pro{‘(‘ss  as  in  living 
gymnospernis. 

Ideiis  as  to  the  development  of  pollen  grains  are  tiu^  same  in  both 
theories.  They  went  through  mmii  the  saine  cours(‘  of  (^volutijui  as  the 
microspores  and  male  prothalli  of  the  lu^terosporous  Pi^ritloplnjia, 

There  are  a  number  of  points  advanced  in  fav<ir  of  the  vi(‘w  tiiat  the 
ovule  is  a  modification  of  a  sporangium  which  prodmaai  ordinary-sized 
spores  and  not  megas|>ores.  In  some  moch'rn  homosptjnms  ferns  tluae  is  a 
tendency  for  the  germination  of  the  spores  to  l^egin  iti  tho  sporangiimi,  and 
germinating  spores  have  l)een  Unmd  in  th(‘  sporangia  of  mtv  ancitmt  ferns. 
Living  seed  plants  do  not  hav{‘  megasponvs  and  micu'ospores  in  tlie  sense 
that  they  are  large  megaspores  and  small  mierosp(sr(‘s.  The  'Tai<'ro- 
spores’^  are  larger  than  the  ''inc‘gaspon\s''  about  as  (jfltm  as  they  are 
smaller.  The  seed  plants  setuu  to  be  ck^arly  dc^sc'ended  from  t  he  sam(‘  com¬ 
mon  stock  as  the  ferns,  and  in  this  stock  heterospory  is  kncnva  only  in  the 
small,  highly  specialized,  and  comparatively  reecuit  group  of  water  ferns. 
On  the  other  hand,  heterospory  was  well  develoi,HHi  in  Oarboiuferous 
Equisetinemt  and  the  Carboniferous  ha^opods  wt^re  predominantly  heter- 
osporous.  If  seeds  are  the  development  of  luderiKspc^ry,  it  is  strange  that 
they  evolved  in  a  predominantly  homosporous  lijic,  ami  not  in  t!u‘  lyco- 
pods,  where  heterospory  was  the  rulcn 

There  appear  to  be  fundamental  dilTf‘r(mc<*s  other  tlran  size  between 
typical  megaspores  and  the  spores  which  province  prothalli  m  t!ie  ovules  of 
seed  plants.  The  true  megas|K>re,  sindi  as  that  Svlwjinrlk,  is  densely 
packed  with  reserve  food  and  is  surrounilecl  by  a  thi«‘k  wall  whicdi  prevents 
any  great  increase  in  size  or  further  absorption  of  food  from  the  sijorangium. 
Neither  of  these  specialized  features  is  found  in  the  s|K>ri!‘S  of  ovules;  here 
the  spore  wall  remains  relatively  thin,  and,  instcuwl  of  the  sp^^re^H  lieing 
pack^  with  food,  food  continues  to  be  alisorlwd  during  tlie  gormiiiatioa 
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of  the  spore  and  the  growth  of  the  prothallus.  To  assume  that  the  mega¬ 
spore  of  seed  plants  went  through  an  evolutionary  stage  in  which  it  re¬ 
sembled  that  of  Selaginella  requires  the  assumption  of  the  reversal  of  the 
direction  of  evolution  and  the  loss  of  the  highly  specialized  characteristics 
of  a  true  megaspore.  In  this  connection  there  is  a  possibility  tliat  the  de¬ 
velopment  of  the  seed  habit  and  that  of  megaspores  are  the  results  of  two 
separate  lines  of  evolution,  and  that  the  elaboration  of  the  megaspore  was 
not  only  not  a  step  toward  the  production  of  seed  but  a  specialization 
which  rendered  such  an  end  very  unlikely. 

Unfortunately  we  do  not  know  the  actual  history  of  the  transformation 
of  sporangia  into  the  seeds  of  the  order  CyccidofilicdlGs,  and  so  both  of  the 
above  views  rest  on  circumstantial  evidence. 

Advantage  of  seed  habit.  The  process  by  which  food  i.s  stored 
in  seed,  even  in  the  simplest  living  seed  plants,  affords  a  grt'ut  ad¬ 
vantage  over  the  storage  of  food  in  megaspores.  In  the  formation 
of  a  seed,  fo.od  is  not  stored  until  after  pollination  ;  not,  tlHwefore, 
until  there  is  reasonable  certainty  of  fertilization.  On  the  otiier 
hand,  there  is  no  such  relation  in  the  case  of  st  orag(‘  of  food  in  mega¬ 
spores,  and  so  here  there  would  scaun  to  he  nuudi  wa.ste  of  fooil  ma¬ 
terial.  The  possession  of  seed  enables  tlu'  Sfurmntophi/ta  to  store* 
more  food  in  each  of  a  .smaller  number  of  re'productive  .structun's 
than  is  the  case  in  the  Pteridophyla  with  m(‘gasj)or('s.  'Fhe  result 
is  that  the  young  seed  plant  gets  a  better  start. 

Order  Cycadales 

General  characteristics.  The  living  cycads  are  a  small  group 
containing  nine  genera  and  le.ss  than  a  hundred  sjx'cie.s.  I'hey 
form  a  very  homogeneous  group,  and  all  iK'long  to  a  .single  family, 
the  Cycadaceae..  The  cycads  mad<!  their  apixuirance  toward  the 
close  of  the  Paleozoic  and  were  a  dmninant  group  during  the 
Mesozoic.  During  the  latter  jx'riod  they  were  mueh  more  diver¬ 
sified  than  at  present-,  and  were  represented  by  .several  iiuiKUtunt 
and  very  distinct  tyi)es  which  dbapiK*iired  iK-fore  th«'  close  of  the 
Mesozoic.  Most  of  the  Me.sozoic  cyead.s  were  .so  difTf*n‘iit  frtitu 
their  living  relatives,  and  showeti  such  diversity  among  them.selves, 
that  authorities  usually  place  them  in  <tne  or  mon*  .s(*parate  orders. 
It  will  be  convenient  here  to  regard  all  cyemk,  iKith  exfinet  and 
living,  as  belonging  to  one  order,  the  Cyf<ulaln. 
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Origin  of  Kving  cycads.  In  almost  all  cases  in  which  a  fertile 
shoot  (strobilus),  corresponding  to  the  cone  of  living  cycads,  can 

with  any  probability  be  assigned  to 
a  Mesozoic  cycadophyte,  the  arrange¬ 
ment  is  very  different  from  that  of 
modern  forms,  and  simulates  a  flower, 
sometimes  very  closely.  It  is  gener¬ 
ally  believed  that  modern  forms  be¬ 
long  to  an  ancient  race  which  may 
have  originated  in  the  Paleozoic,  and 
there  is  some  geological  evidence  for 
this  view  (Fig.  965).  However,  the 
belief  is  based  more  on  their  ap- 
parently  simple  structure  and  the 
difficulty  of  deriving  them  from  the 
common  Mesozoic  tyi)cs  than  on  any 
direct  geological  evidence.  Their  an- 
ce.stors  must  have  been  relatively 
rare  in  the  Mesozoic. 

It  seems  certain  that  the  cycads 
were  derived  from  the  Cycadofilicales, 
because  the  Cyauiojilic.ales  preceded 
them  in  time  and  because  the  struc¬ 
ture  of  the  Cycadofilkalcn  grades  into 
that  of  the  CyccuMen.  We  have  al¬ 
ready  noted  that  the  stem  structure 
of  some  of  the  CycadofilicaleH  is  very 
Vrr  OAK  r  J  j-  n  simikt  to  that  in  the  cycads.  The 
Tyensis,  a  Fcrmiaii  fructifica-  of  SORIC  01  thft  CyCftcIs  Eir© 

tion  S0g.ge8iiv«  of  cycads  rolled  op  circinately  when  young  (Fig, 

This  specimen  was  found  in  822,  828). 

beds  which  contained  cycad-  In  both  groups  there  is  dichotomous 
hke^ leaves  and  a  type  of  stem  branching  of  parallel  veins.  The  ovu- 

diate  between  the  general  run  sporophylk  of  Cycost  are  very 

of  Cycadofiliedes  and  cycads.  evidently  modified  leaves,  and,  as  has 

^ha,p8  represent  the  been  already  noted,  there  are  various 

fructmcation  of  a  plant  wkeh  «  1  .  «  « 

.is  on  the  boundary  line  be-  gradations  between  such  sporophylls 
.tween  seed-fems  and  cycads  and  those  which  are  densely  packed 
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in  cones  and  bear  little  resemblance  to  ordinary  leaves.  Except 
for  the  presence  of  embryos  in  the  seeds  of  cycads,  the  seeds  are 

remarkably  like  those  of 
the  Cycadofilicales. 

Origin  of  pollen  tubes. 

The  Cycadales  are  the 
most  primitive  of  all 
known  plants  in  which 
the  male  gametophyte 
develops  a  pollen  tube. 

In  the  cycads  the  devel¬ 
opment  of  the  female 
prothallus  slops  at  a  very 
early  stage  if  pollination 
does  not  take  place.  Af¬ 
ter  pollination  there  is  a 
very  long  period  during 
which  the  female  pro¬ 
thallus  develops.  The 
male  gametophyte  un¬ 
dergoes  a  simihir  long 
period  of  development. 

In  its  early  stages  it 
sends  out  a  tul>e  wiiich 
enters  the  tisstie  of  the 
nucellus  and  serves  as 
an  absorbing  haustorium 
(Figs.  947,  943).  In  the 
CycadofilicAiles  the  pollen  grains  seom  to  havt^  im/reasoii  in  si/t‘ 
while  within  the  pollen  clia!nl>er,  anti  tliey  may  have*  ahsor!M*d 
food  frondthe  nueelhis.  It  seems  not  improbabh*,  therefore,  that 
the  devedopment  of  pollen  tubes  may  luive  been  iiiiiifitiai  as  haus- 
toria  for  the  more  etiidimi  ahsorptitm  of  food  material 

Fossil  (lyemis 

General  characteristics^  Among  the  most  iiiimeroiis  plauls 
from  the  Triassic  to  the  lower  C'retaeemis  were  I  lie  cycadophytes. 
None  of  them  were  of  great  nm\  Ferliaps  none  wt»re  m  large  as 


Fea  966.  Y^UHig  b*iiv«‘H  <if  a  (lyms  nhowiiig 
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in  cones  and  bear  little  resemblance  to  ordinary  leaves.  Except 
for  the  presence  of  embryos  in  the  seeds  of  cycads,  the  seeds  are 
remarkably  like  those  of 

the  Cycadofilicales. 

Origin  of  pollen  ttibes« 

The  Cycadales  are  the 
most  primitive  of  all 
known  plants  in  which 
the  male  gametophyte 
develops  a  pollen  tube. 

In  the  cycads  the  devel¬ 
opment  of  the  female 
prothallus  stops  at  a  very 
early  stage  if  pollination 
does  not  take  place.  Af¬ 
ter  pollination  there  is  a 
very  long  period  during 
which  the  female  pro¬ 
thallus  develops.  Tiie 
male  gametophyte  un¬ 
dergoes  a  similar  long 
period  of  dev<dopin(uit. 

In  its  early  stages  it 
sends  out  a  tube  which 
enters  the  tissue  of  the 
nucellus  and  serves  as 
an  absorbing  haustoriuni 
(Bigs.  947,  943).  In  the 
Cycadojlliaihu^  the  pollcui  grains  sciuii  to  have  intm\asod  in  size 
while  within  the  pollen  chainbeu*,  aiwl  may  havt‘  absiu'heti 
food  from' the  nucellus.  It  seems  not  iiiiprobuble,  thendore.  that 
the  development  of  ptdien  lulK\Hmay  have  Ixaai  initiattal  as  Imus- 
toria  for  the  more  etiicient  absorption  of  material 


Fk;,  966. 


Youiik  leavfH  <if  a  hlwmiag 

IratlrH 


General  characteristics*  Among  the  most  iiunieriuiH  planis 
from  the  Triassic  to  the  lower  ('retaeeous  were  t!ie  cyeadoptiytes. 
None  of  them  were  of  great  nm.  Ferliaps  lame  were  m  large  as 


The  strobiU  (fertile  branchf's)  were,  h()\v<*ve'r,  very  difTf'rcnf ;  when 
expanded  they  must  have  had  a  v(«ry  flowerlike  appearance.'  'Phey 
were  borne  in  large  niiinber.s  on  tlu*  sale  of  the  Ht(*ni  (Fig.  9(57), 
and  not  at  the  tip  as  in  ino<lern  eycads.  On  the  lower  part  of  the 
fertile  branch  were  spirally  arranged  bracts  (Fig.  OtiK).  dost  Ix.*- 
yond  these  was  a  whorl  of  large  pinnate  stamens  with  their  bases 
united  into  a  disk  (Figs.  968,  969).  Beyond  these  and  terminating 
the  branch  was  a  cone,  bearing  cjvules  (Fig.  96H).  in  comparing 
this  fertile  branch  with  an  angio.sp(umous  flower,  it  will  be  seen 
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that  the  bracts  occupy  a  position  approximately  corresponding  to 
the  sepals  and  petals ;  the  stamens,  to  the  stamens  of  the  angio- 
sperms ;  and  the  ovuliferous  cone,  to  the  carpels.  While  the  ar¬ 
rangement  of  the  constituent  parts  agrees  in  general  with  that  of  an 
angiospermous  flower,  the  structure  of  the  parts  does  not.  The 
female  cone  was  gymnospermous  in  that  the  stalked  ovules  were 


cone  of  Cycadeoidea  Wie.  971.  Longitudinal  aection  of  seed  of 

is,  sterile  bracts  or  interseminal  Crc«<i«oirfea  dartoni,  showing  dicotyle- 
scales;  e,  embryo  within  seed;  ‘*‘*"®"*  (  X 

Sf  stalk  of  seed.  (After  Wieiaud)  After  Wtelanid 

interspersed  among  sterile  bracts  instead  of  being  enclosed  in 
camels  (Fig.  970),  and  the  pollen  grains  were  received  in  the 
mieropyles  of  the  ovules  and  not  on  a  stigma.  The  structure  of  the 
stamens  was  very  different  from  that  of  a  stamen  of  an  angiosperm. 

Numerous  ovulate  sporophylls  were  attached  to  the  axis  of  tlie  ovulif¬ 
erous  or  female  cone.  Each  ovulate  sporophyll  consisted  of  an  elongated 
stalk  with  an  ovule  (later  a  seed)  at  its  tip.  Also  attached  to  the  axis  be¬ 
tween  the  ovulate  sporophylls  were  more  numerous  sterile  scales  (inter- 


Fic.  972.  W  illiamsoma  gigus 

Center,  a  plant  TOtla  two  female  stro!>iIi;  Iow(t  left,  Htaininate  i^trubiius; 
lower  right,  ovulate  strobiius.  (After  W  illiauiHuu  and  llumuLH) 


Fio.  97S*  Willimmmimlh  a  Mesozoic  wil&  leiivti  ti»«l 
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seminal  scales).  These"  were  slender  pedicels  with  e!ilarp;od  tips  which 
spread  over  the  ovules  and  enclosed  them  ex(‘ept  tliat  the  micropyles  pro¬ 
jected  from  between  the  scales  (Fig.  970).  The  seed  of  Cyaukoidea  was 
practically  filled  by  a  large  embryo  with  two  cotyledons  (Fig.  971). 

The  pollen  grains  \vere  produced  in  synangin,.  A  syiiangium  is  a  group 
of  fused  sporangia.  In  (}y(wieoulea  the.  syrcmgiuru  (•tuisisted  of  two  row^sof 
fused  sporangia  all  siirreiiuded  by  a  layer  of  thick-walled  cells.  Tlu^  synan- 
gia  were  borne  on  a  pinna  in  two  row’s,  i^acli  syiiangiuin  b(‘ing  attac‘hed  by  a 
stalk.  The  structures  which  at  first  glance  might  !)e  taken  for  sporangia 
in  figures  968,  969^  are  really  synangia. 


Fig.  974.  Wiehndmlh  mgmiifoUu^  a  MeKOxaie  cycad,  will*  leaves  md  strobili 

Alter  Nathorst 

Willmmsoma.  The  moat  important  group  of  Mt‘ao2:oie  eyoado- 
phytes  is  represented  by  the  genua  WiUmmmnia  (hdg.  972).  This 
genus  had  leaves  resembling  th<*ae  of  (hjtudmidm  ami  modem 
cycads:  but  the  stems,  in  contrast  to  the  greatly  enlarged  ones  of 
the  latter  types,  were  slender,  often  no  more  tluin  one  in  five  «fiitb 
meters  in  diameter,  and  fre<iuenfly  they  were  branchiHi. 

In  many  and  possibly  all  species  the  seed  ami  stameriH  were  borne 
separately.  The  female  cone  was  similar  to  tliat  d  ('ymdemkn.  It  was 
surrounded  by  sterile  bracts  wliich  gave  the  whole  struefure  thc^  iippuir- 
ance  of  an  artichoke.  This  was  borne  at  the  end  of  an  elmigatw!  scaly 
stalk.  In  the  male  ”  flower  the  sbunens  were  in  a  whorl,  wittn nit ,  iw  far  as 
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is  knowTij  any.  covering  of  bracts.  The  bases  of  the  stamens  were  united 
as  in  Cycadeoidea. 

WiUiamsoniella.  The  genus  Williarnsofiiella  had  slender  brandl¬ 
ing  stems  about  two  centimeters  in  diameter,  and  simple  leaves 
(Fig.  973).  In  a'  related  genus  the  leaves  were  pinnately  divided 
(Fig.  974).  The  strobilus  or  flower”  was  borne  on  a  stalk,  and 
consisted  of  an  ovuliferous  cone  surrounded 
by  a  whorl  of  stamens  (Fig.  97 5) .  The  stamen 
was  simple,  with  a  prominent  ridge  on  the 
upper  surface ;  on  each  side  of  the  ridge  were 
three  synangia.  The  ovuliferous  cone  was 
similar  to  that  of  Cycadeoidea. 

In  the  best-known  species,  but  apparently  not 
in  all,  the  axis  of  the  ovuliferous  cone  was  pro¬ 
longed  into  a  sterile  tip,  while  the  oYiik‘s  were 
sessile  and  not  stalked  as  in  Cycadeoidea. 

Order  Cordaitales 

General  characteristics.  The  Cordadiales 
are  an  order  of  gymnosiiermous  trees  wliidi 
were  very  abundant  in  Carboniferous 
and  almost  entirely  disapfieared  before  tlie 
close  of  the  Permian.  They  were  tall,  shuuier 
trees,  with  branching  crowns  and  dcuir  un¬ 
branched  trunks  ten,  twenty,  or  thirty  mc'tcms 
in  length  (Fig.  976).  Boine  charaderisi  ie 
species  had  long,  narrow  leaves  reaching  Ituigths,  in  different 
cies,  of  from  thirty  centimeters  to  a  meter  ( Figs.  977,  978).  Others 
had  smaller  leaves,  more  like  thcise  of  large-leaved  speeies  of  tli«* 
modern  coniferous  genus  Agathis  (Fig.  9921  Thi*  long-ltnived 
species  had  what  to  us  would  a  nmst  uiiusuai  ap|MuiraiHa\ 
something  like  a  tree  yucca  on  an  eloiigiitcni  Iriiiik,  The  sniallt*r- 
leaved  kinds  nmst  have  looked  rathi^r  iiitidern  tm  eoinpared 
with  the  giant  lycopods  and  (mlainit4\H  of  ihedr  time.  The  Itiives 
had  numerous  parallel  veins  which  ran  lengthwise  and  in  mmt 
cases  repeatedly  forked  dieimtoinouHly. 


Yu;.  FongituUk 
iiii!  wriion  «^f  himbi- 
|«H«f  If  iilimmomeikt 
eoronaia 

Showing  ovul'ito  runo 
HiirnoiiuioU  by  Htnnii- 
niito  H|H»r«>piiyllH.  AL'-io 
HtuKiiiinto  H|)Mro|‘iliyH 
as  Hint  in  ami  Fit  ami 
from  the Hiile 
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The  secondary  wood  was  like  that  of  certain  modern  conifers 
but  the  pith  was  wider  and  so  more  like  that  of  cycads  (Fig.  979). 

Reproduction  of  Cordaiiales, 


Pollen  and  ovules  were  produced 
in  separate  cones  (Fig.  977).  The 
male  cone  consisted  of  a  central 
axis  bearing  sterile  bracts  among 
which  were  the  stamens  (Fig.  980). 
Each  stamen  consist  cai  of  a  slen¬ 
der  filament  surmounted  by  three, 


Fic.  976.  Various  species  of 
CordaUales 

.  'After 'Grand'*' Eury 


Fi€.  977.  End  of  a  !»ranrh  of  Cardukes 
with  titrohili  and  a  young  branrii 

After  Grand*  Eury 


four,  or  more  long  vertical  sporangia,  or  pollen  sacs.  Among  a!! 
known  plants  the  stamens  of  the  Cmhitak^  show  the  greatest 
'.resemblance  to, those  of  Ginkgo,  The  female  cones  were  similar  to 
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the  male.  Most  of  the  scales  were  sterile,  while  ovules  were  borne 
singly  on  stalks  in  the  axils  of  some  (Fig.  981). 

Seed.  The  seed  were  like  those  of  the  seed-ferns  (Fig.  982). 


Fi€,  978.  Cross  section  of  a  leaf  of  'Cordaites 
After  Renault 


Fk;.  979.  Cross  secfion  of  a  yoimg  stem  of  (lordaitts 

Note  exfensive  developriieiil  of  Hecoinlary  xyleni.  AroiHut  the  xylmi  m  a 
IKJorly  preserved  region  in  whit'lt  fhe  pliloein  m  sotiniled.  Ktterior  to  flik  in 
t!ie  cortex.  Ntde  lis.Hue  formed  hy  aiiivily  of  the  |iheIloge«  layer  near  fhe 
periphery  of  .stem 

The  nucellns  was  surrcninded  hy  an  aial  contained 

a  large  {mdliailus  which  priHliiced  archegoniii  at  its  apical  end.  At 
the  apex  of  the  mica^IhiH  is  a  polleii  chanik^r  in  winch  polhai  grains 
are  found.  As  in  seial-fiwns,  the  potten  grain  contained  a 


cellular  structure  (Fig.  983),  perhaps  an  antheridium,  and  grew 
while  within  the  pollen  chamber. 


Fi€.  9S0.  Stanifnii  of  CordaiiMies 

ILeft,  sectioB  through  staniinate  .strobilua  (x  t>).  Ri^ht,  sootiun  through  three 

BtauieiiB  (x  20) 

AfOnities  of  Cordaitales.  The  stems  of  typical  Cordaitakft  are 
more  like  those  of  conifers  than  like  typical  s{><‘d-feni8.  However, 

there  is  a  very  cotnpbde  series  of  inter- 
media<.e  f(»rm.s  whi<‘h  lead  from  seed- 
ferns  to  the  Cordaittdi'K,  thus  indicating 
a  relationship  l)et\veen  the  two  groups. 
This  relationship  is  emphasize.d  by  the 
facts  that  the  s(H;ds  of  the  two  groups 
agree  very  closely  in  structure  and  that 
Fic.  981.  Seed  of  the  development  of  the  pollen  grains  is 
Cordaitales  similar.  Th<i  seed-ferns  are  mor(t  ancient 

After Saporta  geologically  than  the  (hmlnitaU'S. 

In  regard  to  the  differences  in  the 
external  form  of  the  leaves,  it  must  Ijc  rememlK‘rt‘<l  that  this  may 
be  a  variable  feature  in  a  single  group  of  plants,  m  is  seen  in 
modem  ferns  and  flovairing  plants.  Tlmt  the  saintt  may  have 
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been  true  of  seed-ferns  is  indicated  by  certain  large  coarse  entire 
leaves  which  were  abundant  in  the  late  Paleozoic^  and  which 
are  believed  by  most  paleobotanists  to  have  been  the  foliage  of 
seed-ferns. 

Altogether,  the  evidence  is  not  inconsistent  with  the  belief 

that  the  Cordaitales  were  de¬ 
scended  from  seed-fern  stock, 
but  that  they  branched  off 


Fig.  982,  Lorigitinlsnal  of  ofuIo 

of  (U}rdaitales 

f,  integument  ;  m,  micTupyle; 
chamber;  n,  imeellus;  a,  arrht'gtuua; 
p,  proihalluH.  (After  Renault) 


at  an  early  date. 

On  tlie  other  hand,  the 


Fig,  983.  Pollen  grains  of 
Coriloiloles 

Keel  ion  of  a  micropyle  allow¬ 
ing  iHtlien  grains;  right,  fK^IIen 
grain  showing  c^ellukr  Htrueture. 
(After  llenauit) 


great  similarity  in  the  wood,  leaves,  and  reproduction  of  the 
Cordmiales  and  the  (iinkgmdm  leaves  little  cknibt  that  the  latter 
are  descended  from  the  former. 

likewise,  among  t!ie  roiiifers  and  in  the  CmiaiUdn  we  find  the 
same  genera!  halit  ;  the  same  of  woml;  striking  similarity 
in  leaf  structure;  and  iiKaliods  (if  reprodurtkui  which  have  much 
in  common,  particularly  in  the  structure  of  the  seed.  The  facts  are 
consistent  with  tint  widely  accepted  view  that  the  conifers  ant  of 
cordaiialian  stock. 
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Fic.  984.  Ginkgo  biloba 

This  is  the  tree  in  which  Hira.sc‘  fiisr()verc<l 
the  spermatoxoids  of  (Jinkgo,  the  first  sjht- 
matozoids  ever  seen  in  seed  plants.  (Photo¬ 
graph  by  Dr.  H.  iL*  Bartlett) 


Order  Ginkgoales 

General  characteristics. 

The  order  Ginkgoales  is 
represented  in  our  present 
flora  by  the  single  species 
Ginkgo  biloba  (Fig.  934 j_ 
In  the- Mesozoic  there  were 
several  species.  In  that 
era  Ginkgo  and  a  genus 
with  divided  leaves,  Baiera 
(Fig.  985),  were  very  conn- 
mon  and  widespread  and 
were  a  dominant  element 
in  the  flora.  Ginkgo  i.s  a 
fair-.-^izi'd  or  large  free,  and 
as  far  as  is  known  1  lie f/mA:- 
goalrsai  the  Mesozoic  were 
also  trees,  '['hey  werejirol)- 
ably  lh('  must  minienms 
trees  of  tiie  period. 

'Fhe  leaves  of  Ginkgo 
biloba  are  fan-shaped  and 
tire  very  often  two-Iohed, 
The  veins  are  parallel 
and  hmnch  dicholomouslj, 


thus  recalling  those  of  ferns  or  the  CymiloJlUmlcs.  In  shtipt*  ami 


general  appearance  the  leaf,  except  for  Ixung  larger  and  coarser. 


is  very  similar  to  that 
of  the  maidenhair  fern, 
from  which  resemblance 
Ginkgo  gets  its  name  of 
maidenhair  tree. 

Ginkgo  is  almost  un¬ 
known  as  a  wild  plant, 
and  has  been  reported 


orflyby  travelers  in  for- 

wmmMmlsm  aiii 

ested  regions  m  western  Boitra  gracili,,  Mtmtok  Ghkgmtn 
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Fig.  986.  Branch  of  Ginkgo  hear¬ 
ing  strohili  of  male  sporophyils. 

(x5) 


China.  For  a  long  time  it  has  been  cultivated  in  China  and 
Japan.  Ginkgo  is  now  widely  cultivated  in  temperate  countries 

as  an  ornamental  tree.  It  cer¬ 
tainly  seems  that  Ginkgo  would 
be  nearing  extinction  had  it  not 
been  preserved  from  that  fate  by 
cultivation. 

Reproduction.  Ginkgo  is  dioe¬ 
cious,  the  stamens  and  ovules  be¬ 
ing  on  separate  plants.  The  stam- 
inate  strobili  are  formed  in  groups 
at  the  ends  of  short  branches 
(Fig.  986).  Two  or  more  pollen 
sacs  are  borne  at  the  end  of  each 
stamen.  The  ovules  are  borne  in 
pairs  at  the  ends  of  slender  stalks 
which  occur  in  groups  at  the  ends, 
of  short  branches  (Fig.  987).  The 
ovule  is  very  similar  to  that  of 
the  cycads.  As  in  tlie  latter,  there  is  a  nucellus  surrounded  by 
a  single  integument  (Big, 

988).  The  prothallus  is  a 
large  oval  structure  which 
develops  within  the  nu¬ 
cellus.  At  the  apex  of  the 
nucellus  there  are  usually 
two  archegonia.  The  pol¬ 
len  grain  germinates  t-o 
give  rise  to  a  pollen  tube 
as  in  the  cycads ;  and  in 
the  end  of  the  tube  there 
are  produced  two  motile 
spermatozoids  similar  to 
those  of  the  cycads.  The 
seed  of  Ginkgo,  including 
the  gametophytes^  is  thus 
seen  to  be  very  similar  in  its  anatomy  and  physiology  to  thorn  of 
the  cycads  (Big.  989). 


Fig.  981.  Crnkgo 

End  of  branch  tearing  young  Icavet  and 
young  0vuk».  (x  |) 
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The  chief  interest  in  Gmkgo,  perhaps,  lies  in  its  motile  sperma- 
tozoids.  In  general  habit  and  anatomy  Ginkgo  is  very  much  like  a 
conifer.  In  conifers  fertilization  is  due  to  male  nuclei,  as  in  angio- 
sperms,  and  not  to  spermatozoids.  In  Ginkgo  the  sperniatozoids 
are  carried  by  the  pollen 
tube  to  an  archegonium. 

The  presence  of  flagella  on 
the  spermatozoids  in  such 
a  pronounced  land  plant 
can  be  interpreted  only  as 
a  survival  of  struciures 
which  originated  in  nqinwic. 
ancestors  of  (Unkgo  and 
were  still  useful  in  less 
distant  ancestors  when  tlie 
spermatozoid  had  to  swim 
from  an  antheridiimi  to 
an  archegonium. 

Relationship  of  Gink- 
goales.  The  ( /  i7L  kg<  h  i  L 
appear  to  \'>e  desc^ondod 
from  the  Cordaitales,  'l'hc‘ 
general  anatomy  and  ve¬ 
nation  of  the  leaves  of 
Ginkgo  recall  thost!  of  the 
Cordaitales.  In  various  re¬ 
spects  is  intermedi¬ 

ate  between  the  Gordaiinlvs 
and  the  Comferaim.  Hie 
starninat  e  st  rc  )hi  1  i  of  ( Hn  kgo 
are  similar  to  those  of  the 

Cordaiiaks  except  tliiit  those  of  Ginkin^  hick  iko  large  sterile 
bracts  found  in  the  slnddli  of  t!ie  dlie  genera!  char¬ 

acter  of  the  seed  in  all  three  groups  is  Himilar.  It  is  proiitthle 
that  in  the  Corduitalm  an  anthf^ridimii  developed  inside  the  jKillen 
grain  and  that  sfwmiatcizoids  were  forimnl  in  tlie  aiitheriilium.  In 
Ginkgo  fertilization  is  still  efected  by  spriiialozoids,  Imt  these  are 
produced  in  pollen  tnlm.  In  the  G&niftrnlm  there  are  pollen  tubes, 


.rtfripli  |i|  "  „  i,„.  v;.- 

Fica  Wll,  Tlir«*<’4ni»<lre4dtHU  redwood 
Ca:lif0riik 


but  in  these  spermatozoi(is  have  given  way  to  male  nuclei  as  in 
angiosperms.  The  stems  have  a  small  pith  like  the  conifers  and  not 
a  wide  one  as  in  the  Cordaitales. 

Order  Ckmiferales 

The  conifers  are  woody  plants  ranging  in  size  from  shrubs  to 
the  giant  Sequoia  of  California  (I'ig.  91.K)).  Many  of  them  contain 
numerous  resin  canals  (Fig.  135). 

Leaves.  The  leaves  are  xeropliyfic  (Fig.  991).  are  usually 
small,  and  in  many  species  are  needlelike  or  .scalelikc.  In  a  few 


Fic.  991.  Cross  SBftion  of  leaf  of  }>itu*  iFinm  msutnm^ 


genera  the  lamina  is  rather  broad  (Fig.  992 1.  'I'lic  leavc.s  ustially 
remain  on  the  plant  for  several  years,  kdng  <li*ciduous  in  only  tho'c 
genera. 

Stem  structure.  The  arrangement  of  the  v.Hsetilar  bundle.s  ant! 
of  the  secondary  thickening  of  tlm  ctmifers  is  very  .similitr  to  that 
of  dicotyledonous  angiosperms.  'I'here  is  a  smali  pith  surrounded 
by  a  wide  woody  cylintler  The  structure  of  the  wood  differ.^  from 


Fi€.  A^mhh  Ma^  tht  mtntf  &i  Mimilii  C0'|«! 

Lower  kftj  female  cone;  lowttr  right,  wiiiill  hriiiicli  with  roaie  mtm  (x  |) 
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that  of  dicotyledons  in  tliat  it 
parenchyma  and  lacks  vessels 
tracheids  serve  both  for  water 


Fic.  993.  Mature  seed  of  rorreyo 
taxifolia 


contains  only  trach('i<l.s  and  wood 
and  wood  fihors  (Fig.  146).  The 
conduction  ami  as  strengthening 
elements.  Owing  to  the  absence 
of  vessels  and  wood  filx*rs  the 
wood  of  tile  conifers  is  much 
more  primitive  than  that  of  the 
flowering  plants.  I'he  xerophytio 
structure  of  the  leaves  is  con¬ 
nected  with  the  primitive  nature 
of  the  wood  jind  tin*  large  size  of 
the  plants,  since  tracheids  are 
not  as  well  fitK-d  for  conducting 
large  (juantities  of  water  as  are 
vessels. 


The  fleshy  covering  which  miikes 
it  look  like  a  plum  is  formed  by 
the  outer  part  of  the  outer  in¬ 
tegument.  (X  f).  After  amlter 
and  Land 


P»C.  994.  Torreya  taxifolia 


Longitudinal  jw'ction  of  an  ovulate  stmb- 
ilus  showing  bracts,  int(*gum«iU,  and 
aucellus  with  sisirc  iwithcr  cell,  (x  20). 
After  tknilUT  and  l4m(i 


Sporangia.  The  pollen  sacs  are  Ixirne  in  small  cones.  In  the 
majority  of  genera  the  ovules  are  also  in  distinct  cones,  and  the  seed 
when  ripe  is  dry.  In  some  genera  the  cone  is  so  greatly  reduced  as 
not  to  have  the  appearance  of  a  cone,  and  produces  only  a  single 
ovule,  and  in  this  case  the  seed  is  more  or  less  surrounded  by  a 
fleshy  covering  (Pigs.  993,  994). 


excurrent  form  of  Rnnvth.  'I'he  hninchcK  are  of  two  kimlH,  long 
branches  and  sfiort  hramdit's  with  liinitetl  gntwth.  The  only  leaves 
on  the  long  branches  an*  scale  leaves,  a  feat  ure  not  chtiracteristic  of 
all  conifers.  The  sliort  branches  arise  in  the  axils  of  the  scale 
leaves  and  l)ear  needle-shajK'd  green  letives,  singly  or  in  dusters 
(Fig.  996).  The  shttrf  branches  are  decidiious,  being  shed  with  the 
leaves.  (Fig.  996). 
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Pine.  The  genus  Pinus,  the  pines  (Fig.  995),  are  such  widely 
distributed,  well-known,  and  typical  conifers  that  they  may  be 
taken  as  a  good  example  of  the  order  Coniferales. 

Vegetative  structure.  The  crown  has  a  conical  form,  owing  to 
the  fact  that  both  the  central  stem  and  the  branches  have  an 


excurrent  form  of  growth.  'Fhe  hninclu's  art*  of  two  kinds,  long 
branches  and  stmrt  branches  with  limited  gr(»wfh.  The  only  leaves 
on  the  long  braneht'.s  are  .scale  l(*aves,  a  h'ature  not  characteristic  of 
all  conifers.  I'he  .short  fjraiu'lies  arise  in  the  axils  of  the  scale 
leavc.H  and  k'ar  nf‘edle-sh}i|M*d  gret‘n  leaves,  .singly  or  in  ciustt'rs 
(Fig.  999).  The  sht»rt  branehes  arc  dtteiduous,  li<*ing  siied  with  the 
leaves  (Fig.  996). 


Fi<;.  Fiiif  UHnm  imultmsi 


Center,  a  braneh  bearing  tiniPH  of  tliroe  dtlTf^roiif  veni>M  tin*  mvull  :if  fhe 
tip  have  reitently  been  pollinated,  tlu*  !M*xt  in  iv^v  ih  aboiii  a  xvnt  idd.  wjnlf'  t|ie 
oldest  has  opened  to  shtai  its  seeds  (x  I  *pper  lefn  a  rone  the  a«e  ot  pi.l- 
iiiiation  ;  note  that  the  sporfiphylln  are  «epanil«*d  so  flial  ili*  eait  finer 

between  them  (x  llh).  Lower  right,  ytanig  seale,  tir^n  a,?-  .smu  fi'Hin  !»flow» 
showing  l)nu‘t,  ami  then  im  seen  from  uboV{%  showing  fwo  ovuiea  t  x  tp 


( 
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Ovule  and  female  prothallus.  The  ovules  are  produced  in  cones 
(Fig.  996).  The  cones  terminate  special  short  branches.  Each 
ovule-bearing  component  of  the  cone  consists  of  a  bract  and  above 
this  an  ovuliferous  scale  with  two  ovules  (Fig.  996).  This  com¬ 
pound  structure  does  not  seem  to  be  a  simple  sporophyll,  but  there 


1%.  99T.  LoiiKiittdiiittl  of  ovulo  of  pirn 

Tke  ovule  €cmsi«t«  of  tiie  hyau  iulfgiiiiwul,  Tlie  mifelks 

is  free  from  the  iiiteguinMit,  only  near  the  ii\wt ;  wil  hi«  th<*  nurelliw  i«  the  ii|x>re 
mother  adh  the  eontenta  of  whieh  Me  alMuh*d.  In  the  {i«i«*Kipyk) 

tlim*  an*  two  iKilIen  gnutia  foniiiiniiig  inak  |u‘ut!ialli,  (X  IW) 

is  great  difference  of  opinion  us  tt>  its  morphological  nature.  The 
ovuliterou.H  s<aih*H  are  the  con.'^pinious  scales  in  the  nuiture  cone. 
The  ovules  occur  near  the  base  of  tht‘  (tvuUferou.H  scale,  and  are 
directed  toward  the  wmtrai  axis  fif  the  ciute. 

The  ovule  rcHiuableH  that  of  the  cycmis  in  tliat  it  consiata  of  a 
nuoellus  gurroiinded  by  a  singh?  integument  (Fig.  997).  A  spore 
mother  cell  is  formed  wiihin  the  nut>e!ht.s  and  diviti«‘a  to  form  a  row 
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of  four  spores  (Fig.  998).  l'lu>  three  apieul  spores  degenerate, 
while  the  basal  one  gortuinates  (Fig.  99S)  and  produces  a  female 
prothallus  (Fig.  999)  which,  ;is  in  all  of  the  spennatuphytes,  re¬ 
mains  permanently  enclo.-jed  within  the  ovule.  The  female  pro¬ 
thallus  is  a  white  oval  ma.ss,  at  the  apical  end  of  which  archegonia 
are  produced.  A  mafure  archegonium  ('(insists  of  a  large  egg  cell 
and  the  neck  celLs  (Figs.  UKM),  UMII).  At  one  stage  there  is  an 


Fic.  998.  Cynofipore*  I  mfRaHiiorrH  i  of  pine 

Left,  row  of  four  m«a;a8ix>rt«  of  pint*;  the  hitaal  one  will  give  rist*  to  the  femafe 
prothallus.  Kight,  thrett  apit'al  «negaH[x>rt*H  are  (iwurgaui/.mg,  while  the  hwtal 
one  hiia  enhirged  eonsitlcrnhly.  (After  Fergiwon) 

evanescent  ventral  canal  c(dl  (Fig.  1(K)2).  .4  compari.son  of  the 
cyoads  and  of  pine  shows  that  tiu*  gent'rai  structure  of  the  ovules 
and  female  prothalli  Is  very  Hiniilar  in  the  twtt  ease.s. 

As  in  the  cycad,  the  first  divisions  of  the  spirt*  nucleti.s  are  tint  fitllowed 
by  wall  formation,  and  free  nuclear  division  re.sijlt,s  iji  a  nuinlH-r  of  nuclei 
which  lie  free  in  the  cytoplasni.  Also  sw  in  the  eyemis,  a  large  t'eiitral 
vacuole  apfjcars  and  presHes  the  eytoplasin  with  it4t  eimtainwi  tmdei 
against  the  spore  wall,  where  at  first  the  eytepliwm  fornrs  a  thin  is-riphetal 
layer  (Pig.  1003).  Finally  cell  walls  Nsgiit  to  form  frotn  thi*  |«‘riphery  of 
the  prothallus,  and  this  process  extend*  inwani  until  the  wlmlt*  prothallus 
becomes  cellular. 


Fig.  ^99,  Soinewliat  diai^raiiiruaiic 
longitudinal  Hoction  of  ovnlo  of 
pine,  containing  a  female  protlml- 
iu8  with  two  arclicgonia 

m,  micropylc;  i,  integument; 
nuceilus;  p,  I'KdIen  tube;  e\  in 
archegonium ;  /,  fenmh*  protliaihw. 
(X  14) 


Fig.  10(H).  Apex  of  female  prolliah 
luH  of  pine,  Hhowing  two  arcliegonia. 
(  X  75) 


Fig.IOOL  flevdo|wie»l  of  irelte|oiiiii»  of  Finn#  mmbm.  i  X  11$) 
Atim  hVr|ii8i«'i 
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Pollen  sacs.  The  pollen-bearing  sporophylls  are  small  and  are  ) 
borne  in  small  cones  (Fig.  1004).  Each  has  two  pollen  sacs  on  its 
under  surface.  The  male  cones  occur  in  clusters  near  the  ends  of 
the  long  branches,  and,  like  the  short  branches,  are  produced  in  the  ) 
axils  of  the  scale  leaves  on  the  long  branches  (Fig.  1(K)4).  ^ 

Pollination.  The  pollen  grains  are  carried  by  the  wind  and  de-  i 
posited  in  the  micropyles  of  the  ovules  (Fig.  997).  This  process  is  ^ 


Fie.  1002.  Ventral  canal  cell  of  Pinm  UrobuM 

Left,  above  is  seen  the  ventral  canal  cell 
boning  to  disintegrate,  and  below,  the  ««g 
nucleus.  Bight,  above  are  the  remains  of  the 
ventral  canal  cell,  and  below,  the  enlarged 
egg  nucleus.  (After  Ferguson) 


Fjc.1003.  IVotbailuK  of  Ftniu 
Mrobm  m  free-naelear  stage. 
(X  77) 

After  Ferguaoa 


known  as  pollination.  At  the  time  of  pollination  the  female  cone  ! 
stands  erect  and  the  scales  are  spread  apart  {Fig.  990),  so  that  - 
pollen  grains  can  reach  the  ovules.  After  pollinatitJii  the  short  ( 
stem  bearing  the  female  cone  bends  downward  so  that  the  cone 
hangs  vertically,  and  in  this  position  it  remains  tluring  the  re¬ 
mainder  of  its  existence  (Fig.  W).  ; 

Male  gametophyte  and  ferdiutation.  The  pollen  grain  (Fig.  : 
1005),  before  being  shed,  germinates,  and  a  male  gametophyte,  or 
prothallus,  is  formed  within  the  spore  waU.  This  consists  of  four  I 
cells :  a  tube  cell,  a  generative  cell,  and  two  evanescent  prothallial  ' 


Fm*  1005.  Mile  gi«eio|Ayt<ft  |n«e 


Left,  wwtion  of  poHon  gnijn  ut  note  the  inflritwi  which  make  the 
spore  buoyant  (x  3'.KJ).  ItiKht,  mnh*  pmthalks  within  the  wall  of  the  jnicro- 
spore  of  pine ;  above  are  two  tliaorganwinK  prwthallial  celk ;  !a*Jow  them*  w  the 
generative  eell ;  an4  Wbw  and  aimoit  aurnmnding  tfiis  i«  th<»  larm*  tu!/c  n-ll 
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cells  which  begin  to  disorganize  as  soon  ns  t-hej-  are  fonnotl,  so  that  / 
only  remnants  of  them  appear  in  the  pollen  grain  at  the  time  of 
shedding.  After  reaching  the  micropyle  the  pollen  grain  sends  out 
a  pollen  tube  (Fig.  1006)  which  grows  through  tlu-  nucellus  and  V 
enters  the  archegonium.  During  the  growth  of  the  pollen  tube  the  - 


Fic.  100-6,.  Pollen  mbe  of  pirn 

Below,  near  the  apex,  is  the  tube 
nucleus*  Above,  and  still  within 
the  spore  wall,  are  the  stalk  (X‘11 
next  to  the  spore  wall  and,  atl- 
joining  this,  the  body  cell.  (Re¬ 
drawn  after  Ferguson) 


Fsc.  1007.  Serlioii  flinnigh  two 
archegoniii  Juniperus  nmh 
munis 

Into  each  a  iiiah*  eell  y  litter¬ 
ing  from  the  tip  of  a  pnllf‘n 
tuhf*,  pi.  Tilt*  fiiale  eelb  w,  fo 
the  right  is  rut  lerii^fhwwe  and 
shows  pkinly.  Only  «  siiwll 
slice  of  the  male  cell  on  tip*  Ml 
i«  8i‘en  in  the  (x  ItMl), 

After  Nielioirt 


tube  nucleus  migrates  into  the  tube,  and  tlie  generative  cell 
divides  to  form  two  cells:  a  stalk  coil  (toward  tht‘  degononiling 
prothallial  cells)  and  a  body  cell  (Fig.  1006).  Later  the  body  cell 
becomes  free  and  passes  into  the  tube,  where  its  nucleus  divides  to 
form  two  male  nuclei.  Fertilization  results  from  the  fusion  of  one 
of  the  male  nuclei  with  an  egg  nucleus.  The  moat  striking  differ- 


s 
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ence  between  the  sexual  method  of  reproduction  in  the  conifers  and 
■that  in  the  cycads  and  ('rinkgo  is  that,  in  the  conifers  there  are  no 
flagellated  spennaf ozoids.  The  pr('s(>nce  of  flagellated  sperma- 
tozoids  is  a  cluir;i(:f  er,  deriv('d  from  aquatic  anct'stors,  which  has 
persisted  throughout  dm  divisions  Bnjophiita  and  Pleridophyta, 
and  which  among  the  (hjmnoKpermae  is  still  found  in  the  Cycadale'if 
and  Ginkgo,  but  which  has  disappeared  in  the  Coniferalcs  and 
in  all  the  higlier  orders  of  the  Pperma- 
tophyta. 

Seed,  The  fertilized  germinates 
and  produces  an  embryo  wliieli  remains 
embedded  in  the  protliaJius  nnti!  Uie 
germination  of  the  seeti.  The  embryo  is 
a  cylindrical  structure  with  a  luimlaT  of 
cotyledons.  The  inlegtimenl  hains  the 
seed  coat  (I'dg.  ICKIS). 

In  pine,  as  in  other  ennihmH,  the  fonna- 
tion  of  tht^  embryo  is  a  ratiier  eomplicaf^Mi 
process.  HuMiueloas  of  tiit*  fort  ill/, c'd  ogg  di¬ 
vides  to  form  four  iimdei  without  th<*  ftirma- 
tion  of  cross  walls  ( idg.  pHrCe  'rhi<  flu* 
beginning  of  proemlirvu  stage.  The  four 
nuclei  migrate  to  tlie  base  of  t  lie  andiegoiiiiim, 
where  they  divide  to  form  four  tiers  n!  four 
cells  each  (Figs.  KMHh  hdOh  This  comiiletes  Fi<a  icitig,  Loiiginulintl 
the  formation  of  the  proembryfu  Thn  upper-  of  pine  ired 

most  tier  is  tmi  Heparatod  by  walls  from  ITih  vtnmMH  of  flu*  em- 

main  cavity  of  the  archegoiiiimi,  and  the  nu*.  brwt  surrotmtied  by  the 

clei  disintegrate.  The  four  cells  of  the  loicest  female  prothiilluH*  aiwl 

tier  form  four  embryos.  Ttie  mTs  just  above  T  die  «ml 

these  are  kmiwn  ns  mispimsors  (Fig.  If II I  J  i ;  eriiu  hjruni  from  ihe  in- 
these  eiongalc  greatly  ata!  ptisli  tin*  viiibryo  egumimt.  (x  S) 

farther  into  the  protlialliis  i  Fig.  I, ill  I  /ih  fids  pimliirig  of  the  embiym  inhi 
the  prothfdlus  is  ptHmlM  by  digestion  of  tht*  mdln  of  the  fmothalliiK  ii 
proccas  which  mmm  to  be  due  to  iui/,yiiies  by  the  mihrvm 

Each  emlirya  eel!  first  forms  ii  mwof  Mk  the  Inwimt  of  which  bamrnes 
the  true  cmbryiu  while  itic  othm  add  hi  the  leiigih  of  the  mmiwmur 
(Pig.  1011  II,  r*'b  fdimlly  one  efiibrvf*  grown  iimre  rapidly  tlwi  the  utliers 
and  becomes  the  single  etiibr%*o  of  Itie  iiiiiliire  fl%.  |f|||  C  ’K)  •  the 
other  embrytiH  UMJHy  ’  * 


Fig.  1010.  Deveki^mcnt  of  tlie  proerolir|d  Gf  Pinun  larkw 

Left,  the  four  nuclei  are  dividing  U>  form  two  tiers  «d  erf  in  (fUily  two  of  tk 
spindles  are  shown  in  this  picture) ;  <«nier,  two  tiers  of  ridlw  have  Inmt  fomd 
and  the  nuclei  of  the  lowest  tier  are  dividing  (otily  two  td  the  ftnir  frlis  <d  t-itrh  ^ 
tier  are  shown) ;  right,  three  tiers  <d  eelk  have  ftiriiMHi  lanl  the  nuclei  of 
the  lowest  tier  have  already  divided  {only  two  of  tint  four  celk  of  tmeh 
are  shown).  (X2I5}.  After  Kiliiahl 

the  divisioE  of  the  spore  mother  mHs.  The  gametfiphjtes  h%m 
the  single  number  of  chromosomes^  the  double  number 

restored  at  fertilimtion. 


FiC.  1011.  Development  of  embryo  of  Piniis  banhsianm 

Ay  the  susjxjnsorB  of  the  four-tiered  stage  have  begun  to  elongate;  the 
embryos  are  beh)w  the  suspensors.  later  stage  in  which  the  suspensors  («) 
have  elongated  greatly,  while  the  embryo  has  formed  secondary  suspensor 
cells.  C,  st.ill  later  stage  showing  further  development  of  secondary  suspensors. 
Dj  further  development  of  embryo ;  the  end  of  the  original  suspensor  cell  is 
showm  at,  s ;  most  of  the  length  of  the  secondary  suspensor  cells  is  omitted. 
By  Still  later  stage  in  development  of  embryo.  F-K,  growth  of  embryo  and 
formation  of  cotyledons.  (A,  X  176;  B-Ey  X  46  ;  X  13),  After  Bucholtz 


Relationship.  The  Conifcralrs  appear  to  be  clesceiuied  from  the 
Cardaitales,  which  either  were  derived  from  tlK>  CijauiofiUrales  or 
were  closely  related  to  them.  As  the  C,jc,uhtd>ral,  s  -ave  rise  to  the 
Cycadales,  the  Com/mdea  are  related  throut;li  t  he  ( 'ynuhtilirales  to 


Fs<;.  101*3.  Gmmm  gnmum 

Above,  habit  of  plant  with  mule  afrohili  (x  p.  left,  mnlr  alroliil.w  w. 

larged  (x  3).  Above  the  Htamww  i«  a  eirrle  of  ovuIvh,  wh»-h  an*  luwally  m. 
fertile  Below  the  ovulea  is  a  row  of  HltiiiioiiH  tnmi  of  whtrli  Iiiivo  rx|m!uW 
through  the  "perianths."  Below  this  row  an-  nutni-roUH  at(un<-na  in 

the  "perianths.”  These  will  expand  HW’ceHwvdy  from  aim ve.  Hight,  an  ex¬ 
panded  stamen  the  base  of  which  is  surrmnideti  by  the  sa-nanth  (X  U) 

the  Cycadales.  The  Cycaddes,  as  we  have  already  sewt,  arc  much 
more  primitive  than  the  Conifnaks.  k  diagrtiiiuiMa  ie  reprttsen- 
tation  of  the  relationships  of  these  orders  i«  shown  in  Fig.  Iflli?. 

Distribution.  There  is  a  striking  difference  between  the  dis¬ 
tribution  of  cycads  and  that  of  conifers.  Ute  former  are  tropical 
and  subtropical,  while  the  latter  are  found  largely  in  ianim&U 
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zones.  They  are  particularly  characteristic  of  north-temperate 
regions,  where  they  form  valuable  forests  of  great  extent.  Conifers 
are  frequently  numerous  on  tropical  mountains,  and  in  limited 
areas  may  be  the  dominant  element  of  the  flora  there. 

Order  Gnetales 

General  characteristics.  The  order  Gnetales '  is  composed  of  three 
very  peculiar  and  very  dissimilar  genera:  Gnetum^  Ephedra^  and  Wei- 
loiischia.  The  species  of 
Gnekm  are  either  small 
trees  or  woody  vines  found 
in  the  tropics  (Figs,  1012, 

1013).  Gfietum  has  fair- 
sized  opposite  leaves  with 
netted  veins,  and  in  gen¬ 
eral  appearance  is  similar 
to  a  dicotyledonous  plant. 

Species  of  Ephedra  are 
small  shrubby  plants  with 
opposite  scalelike  leaves, 
and  in  genera!  ai)pearance 
look  something  like  a 
much-branched  Equ isetiwi 
(Fig.  1014) .  We!  ivUschia, 
with  a  single  si}ecies  found 
in  deserts  of  southwest 
Africa,  is  the  most  pecu¬ 
liar  of  all  (Fig.  1015).  It 
has  a  large  tap-root,  while 
above  ground  is  a  large 
crown  of  tissue.  Between 
the  crown  and  the  root 
there  are  attached  two 
long  opposite  leaves,  which 
are  the  only  leaves  other 
than  the  two  cotyledons  that  the  plant  produces.  They  grow  continually 
at  the  base  and  last  througliout  the  life  of  the  plant. 

The  Gnetales  are  obviously  gymnosperms,  as  the  seeds  are  not  enclosed 
in  ovaries.  Tliey  have,  however,  some  characters  which  have  been  inter¬ 
preted  as  showing  a  sirnilaiity  to  the  angiosperms.  Among  these  are^the 
occurrence  of  vessels  in  the  wood,  the  presence  around  the  flowers  of 
structures  which  have^been  considered  as  similar  to  the  perianth  of  angio- 


Fic,  1013.  Gnetum  indicum 

Left,  .arrangement  of  ovules  (x  2i).  Hight, 
seed  (X  f) 


Fic.  1014.  Ephedra 

A,  portion  of  staminaU;  plant  of  E.  nerardiatui  (X  i);  B,  Htaniinate  Btrobil 
(X  4);  C,  ovulate  plant  of  E.  hekelka  (x  i);  D,  ovulate  strobiluB  (x  3) 
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sperms,  and  the  absence  of  archegonia  in  Gnetum  and  Wdwitsckia.  It  has 
been  found,  however,  that  the  vessels  are  formed  in  a  very  different  manner 
in  Gnetales  and  in  angiosperms.  The  so-caEed  ” perianth’^'  in  Gmtales 
(Figs.  1012,  1016)  is  at  least  as  similar  to  bracts  found  in  some  of  the 
gymnospeims  as  to  the  perianth  of  angiosperms.  The  female  gametophyte 
of  Gnetum  is  most  like  that  of  the  angiosperms,  but  the  nuclei  are  free  in  the 
cytoplasm  instead  of  there  being  a  regular  arrangement  of  cells,  as  in 


Fic.  1016.  Ovule  of  Gmmm  gnemon  Fig.  1017.  Multinucleate 

prolhallus  of  Gnetum  gn& 
The  integuments  are  shaded  to  make  them  mou,  probably  at  fferiilka- 

stand  out  clearly,  p,  perianth;  o,  outer  mtegu- 

ment;  i,  inner  integument;  n,  nucellus;  pr,  ^ 

prothaUus.  (Modified  after  Lotsy)  After  Coulter 

angiosperms  (Fig.  1017).  The  great  differences  between  the  three  genera 
indicate  a  long  line  of  evolution,  but  unfortunately  we  know  little  of  the 
fossil  history  of  the  group.  The  present  tendency  seems  to  be  to  regard  the 
Onebdes  as  representatives  of  a  line  of  gymnospemous  evolution,  which 
has  not  been  closely  connected  with  that  of  the  angiospenhs. 

CLASS  JNGIOSPERMAE 

The  angiosjwnns  are  the  culmination  of  the  evolutionary  process 
in  plants.  In  them  the  sporophyte  has  reached  its  greatest  speciali¬ 
zation,  while  the  gametophyte  has  become  greatly  reduced.  They 
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are  the  dominant  element  of  mir  lanti  flora,  and  in  numlnTof  species 
exceed  all  other  green  plants.  They  include  ail  die  woody  plants 
other  than  the  gymnosperms  and  the  tree  ferns,  and  all  herbaceous 
plants  other  than  the  ferns  and  fern  allie.s.  Many  of  the  angio- 
sperms  have  become  specialised  for  acpiatic  conditions,  and  such 
species  form  the  dominant  vegetation  of  fresh  wal«‘r.s.  Angio- 
sperms  have  also  invaded  salt  water,  and  even  liere  gras.slike  forms 
may  be  the  dominant  element  of  the  ve.iniation  in  rather  quiet 
water  where  the  bottom  is  muddy. 

The  angiosperms  are  divideil  into  two  subclasses,  flu*  Diroty- 
ledoneae  (dicotyledons)  and  Mumimti/hiidfuiif  imonocotyl-dons). 
The  distinctive  characters  of  the.sc*  groups  havi*  been  given  in 
earlier  chapters.  The  most  primitive  dicntviedons  appear  to  have 
been  woody;  it  is  believed  that  the  heri.acenus  <liculyledons  and 
the  monocotyledons  have  iteen  derivt'd  fr<»m  woody  dicotyledons. 

Sporophyte.  The  sporophyte  is  a  complic.ated  plant  with  roots, 
one  or  more  stems,  leaves,  and  strohiii  known  as  flowers. 

The  wood  is  highly  six'ciidize'd  isi  tliat  rows  of  tradieids  have 
become  transformed  into  vessels,  while  <ither  traeheids  are  sjK'cial- 
ized  as  wood  fibers.  The  ves.sels  are  greatly  sujMTior  to  traeheids 
for  the  conduction  of  water,  and  in  most  angiosiH*rms  the  ftmetion 
of  the  traeheids  is  largely  that  of  mechanical  siqtporl.  I'he  d<t- 
velopment  of  an  efficient  watcr-condticting  system  compostni  of 
vessels  has  enabled  angiosperms  to  produce  a  great  disjtlay  of 
mesophytic  foliage.  The  improvement  in  the  eondueting  system 
has  therefore  resulted  in  a  great  development  of  the  assimilating 
system. 

Another  great  advance  shown  by  angios{>(‘rmH  is  the  develoj)* 
ment  of  complicated  structures  which  facilitate  insect  pollination. 

Flowers.  The  distinguishing  characteristic  (»f  angio.spemw  is 
that  the  seeds  are  enclosed  in  carpels.  In  stum*  <,'ii.Hes  tht're  is  only 
one  carpel,  the  edges  of  which  are  joined  to  form  m  ovary  with  a 
single  cavity.  In  many  cases  one  or  more  airpels  unitt*  tt>  form  a 
compound  ovary,  which  may  have  one  cavity  or  more  than  tme. 
Where  two  or  more  carpels  fuse  to  form  a  compountl  ovary,  the 
tips  may  form  separate  stigmas  or  only  a  single  stigma,  According 
to  the  most  generally  accepted  theory,  a  carpel  is  a  sporopbyll 
the  tip  of  which  has  been  modified  aa  a  stigma. 
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These  carpels  and  sta¬ 
mens  are  borne  in  flowers, 
and  in  complete  flowers 
aje  surrounded  by  two 
sets  of  modified  leaves, 
the  petals  and  the  sepals. 
The  torus  is  a  short  stem, 
and  as  it  bears  sporo- 
phylls  the  flower  is  a 


Fig.  1018.  Spore  mother  cell  and  megaspores 
of  an  orchid 


modified  strobilus. 

Ovule  and  female 
gametoph3rte.  In  the  an- 
giosperms  the  ovule  con¬ 
sists  of  an  oval  structure, 
the  nucellus,  or  sporan¬ 
gium  proper,  surrounded 
by  one  or  two  integuments.  At  the  apex  there  is  a  small  opening, 
the  micropyle,  which  extends  through  the  integuments  (Fig.  325). 

In  the  nucellus  there  is  usually  found  a  single  spore  mother 
cell  (Fig.  1018),  which  in  the  majority  of  cases  divides  to  form  a 


Left,  spore  within  nucellus ;  center,  the  spore 
is  divided  into  two  daughter  cells ;  right,  the 
lower  daughter  cell  has  divided  into  two 
spores,  while  the  upper  one  is  in  process  of 
division.  (After  Brown  and  Sharp) 


Fig.  1019.  Development  of  female  prothallus  in  an  orchid 

i,  the  apical  spores  are  disorganizing;  the  basal  megaspore  has  entoged  and 
its  nucleus  has  divided  to  form  two  nuclei.  B,  older  stage,  showmg  formation 
of  vacuole.  C,  the  nucleus  at  each  end  has  divided,  resulting  in  four  nudei  m 
the  prothallua.  D,  telophase  of  division  of  four  nuclei  to  form  ^ 

nuclei  cut  off  by  walla ;  in  the  base  there  are  three  antipodal  cells :  ^ 
a  large  egg  cell  and  two  smaller  synergids;  between  the  groups 

free  pohu  nuclei.  F  fusion  of  the  polar  nuclei.  (After  Brown  and  Sharp) 
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row  of  four  spores  (Fig.  1018).  The  three  spores  situated  toward 
the  apex  of  the  nucellus  degenerate  (Fig.  1019).  The  basal  spore 
is  also  known  as  the  embryo  sac,  and  within  it  the  female  gameto- 
phyte,  or  prothallus,  is  formed.  First  the  embryo  sac  increases 
considerably  in  size  and  becomes  oval  in  outline  (Fig.  1019).  Its 
nucleus  divides,  and  the  two  daughter  miclei  migrate  to  the  oppo- 
site  ends  of  the  sac.  By  two  successive  divisions  each  of  these 
daughter  nuclei  gives  rise  to  a  group  of  four  nuclei,  the  group 
being  at  opposite  ends  of  the  sac  (Fig.  1019).  At  each  end  thrp 


Fic.  1020.  Formation  of  male  gametophyte  in  an  angioaperm 

Left,  a  tetrad  of  pollen  grains  of  an  angiosperm  (Elodca)  (x  550) ;  upper  right, 
the  microspore  nucleus  has  divided,  resulting  in  the  formation  of  a  hur^  tube 
cell  and  a  small  generative  cell,  which  in  the  figure  is  situated  in  the  lower  kft 
portion  of  the  tube  cell;  lower  right,  the  generative  cell  has  divided  to  form 
two  male  cells  (x  205) 

of  the  nuclei  become  surrounded  by  cell  walls.  The  three  cells 
thus  formed  at  the  end  of  the  sac  away  from  the  micropyle  are 
known  as  antij^al  cells.  The  group  of  three  cells  at  the  micro- 
pylar  end  consists  of  two  cells  (synergids)  and  an  egg  cell  The 
two  nuclei  which  are  free  in  the  cytoplasm  are  polar  nuclei,  and 
they  move  to  the  center  of  the  sac.  In  this  condition  the  female 
gametophyte  is  mature  and  the  egg  is  ready  for  fertilization. 

In  a  considerable  number  of  species  the  spore  mother  cell,  in¬ 
stead  of  forming  a  row  of  separate  spores,  becomes  the  embryo  sac. 

Male  gametophyte  fertilization.  The  pollen  grain  b^ba* 
to  germinate  before  it  is  shed,  and  forms  a  male  gametophyte,  or 
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prothallus,  within  the  pollen  grain  (Fig.  1020).  This  gametophyte 
is  produced  by  the  division  of  the  nucleus  of  the  pollen  grain  to 
form  a  tube  nucleus  and  a  generative  nucleus.  The  growth  of  the 
pollen  tube  appears  to  be  connected  with  the  activity  of  the  tube 
nucleus.  The  generative  nucleus  divides  to  form  two  male  nuclei. 
This  division  usually  takes  place  in 
the  pollen  tube,  but  may  occur  while 
the  pollen  is  in  the  anther  (Fig.  1020). 

After  being  deposited  on  the  stigma 
the  pollen  grain  sends  out  a  pollen 
tube  into  which  the  nuclei  migrate. 

The  pollen  tube  grows  down  through 
the  style  and  enters  the  female  pro¬ 
thallus,  usually  by  way  of  the  micro- 
pyle  (Fig.  326).  The  two  male  nuclei 
are  discharged  in  the  embryo  sac. 

One  of  them  fertilizes  the  egg  by 
fusing  with  its  nucleus  (Figs.  328, 

1021).  The  fertilized  egg  germinates 
and  produces  an  embryo.  The  sec¬ 
ond  male  nucleus  and  the  two  polar  Fic.1021.  Fertilization  stage  in 
nuclei  fuse  to  form  an  endosperm  the  embryo  sac  of  an  orchid 


nucleus  (Figs.  328,  1021). 

Endosperm.  The  endosperm  nu¬ 
cleus  undergoes  a  series  of  rapid  di¬ 
visions  which  result  in  the  formation 
of  endosperm  tissue  around  the  devel¬ 
oping  embryo,  filling  the  embryo  sac. 


p,  pollen  tube ;  s,  synergid ;  e,  egg 
containing  nucleus  formed  by 
the  fusion  of  male  and  female 
nuclei ;  to,  male  nucleus  in  con¬ 
tact  with  nucleus  formed  by 
the  fusion  of  two  polar  nuclei ; 
a,  antipodal  cells.  (Redrawn 
after  Brown  and  Sharp) 


The  nuclei  of  the  cells  of  this  tissue 

contain  a  triple,  or  3x,  number  of  chromosomes,  because  the 
primary  endosperm  nucleus  was  formed  by  the  fusion  of  three 
nuclei.  The  endosperm  furnishes  nourishment  for  the  develop¬ 
ing  embryo.  Usually  it  completely  absorbs  the  nuceUus  before 
the  seed  is  mature.  Frequently  the  embryo  absorbs  all  of  the 
endosperm  during  the  development  of  the  seed ;  in  such  cases  t  ere 
is  no  endosperm  in  the  ripe  seed  (Fig.  359).  In  many  cases  the  pn- 
dosperm  persists  in  the  mature  seed  and  is  absorbed  only  during 


germination  (Fig.  360), 
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Seed.  When  the  endosperm  is  absorix'd  during  the  develon.  ] 
ment  of  the  seed,  the  ripe  seed  consists  of  an  emi>ryo  surrounded  b  ■ 
one  or  two  integuments  which  form  tlie  seed  coats.  If  the  endo"  ' 
sperm  persists  in  the  seed,  the  embryo  is  sumnuuieci  bv  the  end!!  I 
sperm,  and  this  by  the  seed  coats.  *  '  ) 

OLDEST  ANCIOSPERM.S 

Cm/toniales.  In  Jurassic  rocks  luive  ixaui  found  the  oldest 
known  plants  wliich  were  angiospennous  in  the  true  sense  of  the  ' 


Fic.  1022.  Crisikorpm  mthonti 

loS”*fx  !W»dMTH  shiming;  four 

locules  (X  8),  C.  ve^  young  ca^x.,!  (x  8);  D,  (x  .1);  K,  ap.roj.hv] 

with  carpels  (x  1).  After  Thtmiitx 

™Sto’cWr“f  Tf 

represent  two  closely-related  genera  of  the  onier  <’a>^t.miah-s, 

«PorophyIlH.  Each  spon.phyil  con- 
eachtf  whS  w«  1  ^  ?  Pf  “tely  arranged  short  side  !, ranches 

bent^over^Ao  iwrtion  of  the  piimuk*  which 

tached  to  the^S**  ***'^‘^‘  ^***”“^ 

carpel  (Fin.  102^^*' 

mmiiqr.  +0  +i,.  j.  -t  *  ,  of  the  seed  is  rat  her  strikingly 

nrse!d^  h  T  ^  'r5‘^  ^™‘t8  were  fles^ 

eeds  may  have  been  scattered  by  animals  that  ate  the  fruit 


divided,  anil  the  tip 
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The  anthers  are  fomul  <>11  spemphylls  similar  in  general  outline 
those  whieh  hmv  th.-  earpels.  Th.'  hianches  of  the  sporophylls 
"  -  •  ■■  I  if  the  divisions  bore  groups  of  stamens 

I  Fig.  lP22‘i.  The  anthers  were  sessile  or 
at  the  ends  of  short  filtimcnts.  They  had 
a  hmr-winged  form,  and  each  wing  seems 
to  Imve  ettnttiined  a  pollen  sac.  Thus  they 
hail  the  same  general  form  as  the  stamen 
of  a  modern  angiospenn. 

The  Faves  wliich  appear  to  belong  to 
the  known  (^I'lhninka  are  of  a  type  which 
wa.s  very  widespread 
during  the  Jurassic 
period  and  extended 
from  Triassie  to  ( 're- 
taet’ous  times.  The 
vemit  ion  wtis  netted, 
but  similar  to  that 
of  Ulmxapterk,  which 
is  genentlly  regarded 
iw  Ji  seed-fern, 

'l'h(‘  gtmeral  char¬ 
acter  of  the  leaves, 
spuroph.yll«,  and  seed 

indkatetliat  IheCotf- 
taninki^  were  derived 
from  tl«!  Beed-ferns. 


Fic*  Caytonm 

smwU 

k\Hm\  fniit  witli 
like  stigma  im  I  lit'  Hfiilk 
(x  4.7)*  lifluW'i 

gmmiiiiiitir 

fruit  lu  Bhm  iirra»g»*- 
mwitof  till*  »ml».  {Mm 
Thmim) 


fiG,  1024,  Caymnrn 
iliomasi 

Left,  longitudmal  sec¬ 
tion  of  fruit  showing 
smi.  In  one  case  the 
canal  leading  ,to  a 
seed  is  shown.  Bight, 
ixilien  grains.  (Mter. 
Haixis) 


In  the  (’miUminks  frotn  the  JurMic  the  iKillen 
swnis  to  haw  i.e<>n  <-»iwht  on  ti  stigma,  and  the 
ovules  are  enelowd  in  ovaries,  hut  lu  a  fomi 
the  upiwr  'rria-s-dc  poUeii  grains  are  found  m  the 
nucropyles  of  tlie  wi-d.  lu  this  f"™ ‘ 
to  have  hwn  canals  ninning  thrmigh  the  micropyles  of  the 

""i  T' t4'“iS  ^  “r'ff? 

sju  ir  ■  aS  roujs  I's  — 

CaytoLl^m  haii  tiieir  origin  in  the  fusion  of  cupules  whicti  surr 

the  se«i  of 
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Unfortunately  we  do  not  know  liovv  the  fsporophylls  of  tke 
Cayfoniales  were  borne,  or  what  kind  of  plant  lx)re  them,  and  bo 
the  relationship  of  the  Caylonialctt  to  modern  angiosi>erms  is 
obscure. 

ANCESTRY  OF  ANtilPSFER.MS 

The  ancestry  of  angiosperms  has  long  Ix'en  a  moot  question 
There  is  not  enough  evidence  to  reach  a  definite  deci.sion,  and  there 
is  much  disagreement  as  to  theory. 

Among  living  gyninospenns  the  group  which  is  most  similar  to  the 
angiosperms  is  the  Gnetales.  While,  theni  is  great  dissimilarity  lM>tween  the 
Gnetales  and  the  angiosperm.s,  still  there  is  enough  similarity  to  convince 
many  that  either  the  angiosperms  an;  d(‘.scen(ie(i  from  tin'  (hif tales,  per¬ 
haps  from  extinct  forms,  or  else  the  two  groups  are  cloN*ly  related  and 
have  a  common  ancestry.  Some  reganl  the  Gnetaln  as  lH*ing  intermediate 
between  the  conifers  and  angiosfierms,  and  so  are  inelined  to  a  l»<»lief  in  a 
coniferous  ancestry  for  angiosf)t'rms.  This  belief  is  Imseil  in  part  on  simi¬ 
larity  in  wood  structure  and  on  the  fact  that  in  conifers,  Gnetales,  aid 
angiosperms  the  fertilization  Ls  by  male  nuclei  and  not.  by  sjxTmato’zoids 
as  in  all  other  living  groujw  of  land  jilants. 

A  rather  complete  understanding  of  the  ^^fiower^*  of  (^yc(uie<A<iea  was 
followed  by  an  exten-sive  discussion  of  a  eyeadophyb*  ancestry  for  angio- 
sperms ;  not  from  Cycouieoiiiea  witli  its  highly  s{«‘cialized  stern,  ratlu'r  from 
one  more  nearly  related  to  Willianmnia  or  Williammniella,  but  still  more 
primitive.  It  was  pointed  out  that,  as  previously  mentioi«Hi,  the  bracts 
stamens,  and  ovuliferous  cone  of  Cycmkoidm  were  in  the  same  n-lative  pcail 
tions  as  the  perianth,  stamens,  and  eariiels  of  the  angiosjH'mis.  Also,  the 
embryo  had  two  cotyledons,  while  the  seeds  were  almost  enclosed  by  the 
interseminal  bracts. 

The  discovery  of  the  Caykmiaks,  first  in  the  Jurarwic  and  lab'r  in  the 
late  Triable,  has  been  taken  by  some  as  indicating  that  the  angiosperms 
through  forxm  related  to  the  Caytmialm,  are  d<«eend«l  dir**et  from  tire 
^d-fems.  Arecent  theory  is  that  the  carixsls  of  angiosiu'rms  w(*n!  derived 
through  a  modification  and  fusion  of  cupules  which  sumnindwl  the  setrds 
of  Cycadofihaales,  a.nd  that  the  ovaries  <tf  the  (’ayUnmks  wprtwmt  an 
jntermediate  condition  between  the  seed-feriw  and  modern  angiosjxTing. 

C^e  feature  which  is  common  to  practically  all  theories  as  to  the 
origin  of  the  angiosperms  is  that  they  go  far  brek  into  early  M«jo. 
ZOIC  or  latter  Paleozoic  times;  also  that  their  ancoatore  were 

.generalized  forms  and  not  such  specialised  mm  m  modem  coaifew 


r  cycads  or  the  late  imcsokoic  cyauieoiaeaa.  a  conservamve  sug- 
°  tion  is  that  they  were  derived  from  somewhere  in  the  general 
^  mnospermouK  complex,  from  a  line  in  which  the  marked  peculiar- 
Mes  of  more  modern  groups  had  not  become  so  pronounced  as  they 
appear  in  the  well-known  spc'dalizeil  types. 

^Our  ignorance  us  to  the  am^estry  of  the  angiosperms  is  not  sur¬ 
mising  when  we  rememk'r  liuw  scanty  is  our  knowledge  of  plant 
Lras.  If,  as  seem.s  probable,  the  angiosperms  evolved  in  Arctic 
regions,  much  of  the  record  may  Iw  thickly  covered  with  an  icy 
mantle’and  inaccessible  to  us.  Also,  the  record  of  former  vegetar 
tion  is  largely  that  in  and  around  swamps,  about  lakes,  and  in 
similar  situat  ions ;  ami  any  tract*  of  much  of  that  which  flourished 
on  higher  ground  is  forever  lost .  However,  in  comparatively  recent 
years  a  great  deal  of  evitiene(^  as  to  the  history  and  relationships  of 
land" plants  has  k‘<‘n  disci»vered;  st!  we  may  hope  that  perhaps 
some  day  wt;  may  have  a  fairly  connected  account  of  the  develop¬ 


ment  of  the  angiosperms. 


CHAPTER  XX  fX 

PALEOBOTANY 


Introduction.  In  a  previous  chapter  wo  disinissed  the  methods 
by  which  great  masses  of  sedimentary  rocks  liavi'  been  fornitti,  how 
fossils  have  been  preserved,  and  fh<>  division  of  g!>o!ogi(‘al  time  into 
eras  and  periods.  In  preceding  chapters  we  have  studied  the  .struc¬ 
ture  and  relationships  tsf  pliints  app('aring  in  v.arious  geological 
periods.  In  this  chapter  we  wall  tamsider  the  stiecessicuis  of  fhjras 
from  the  beginning  of  the  geological  record  to  the  piv.sent,  and  in 
this  way  bring  together  the  long  hisfor>  of  the  development  of 
plants  in  a  more  or  less  connected  story. 


PRE  (;.4MHR1.\N  I'L.VNT.S 

Early  development  of  plants.  'I'he  length  <d  geological  time 
before  the  dawn  of  the  Puhior.oic  at  the  Is'gitu.ing  of  the  ( 'amhrian 
far  exceeds  that  of  all  subsequent  times.  \\V  iuive  verv  little 
knowledge  of  w'hat  actually  took  p!a<‘e  during  these  long  iig(‘.s,  !>ut 
it  must  have  been  a  period  in  which  the  algae  were  developing  tis 
algal  remains  indicate  that  all  the  great  gnmp.s  <,f  algae  hud  rep¬ 
resentatives  along  the  shores  of  the  early  fambrinn  seas.  In  the 
chapter  on  bacteria  we  noted  that  tiu'n*  is  evidejice  f<»r  the  pres¬ 
ence  of  bacteria  in  the  Archeozoic,  the  ear!ie.st  of  geologieal  eras 
and  that  their  presence  in  this  anckmt,  time  is  in  harmony  witli  the 
view  that  the  bacteria  are  not  only  tlu*  simple.st  but  also  the  most 
pnmitree  of  living  plants.  In  the  Proterozoic,  the  sticceeding  era. 
bacteria  and  blue-green  algae  apfK'ar  to  have  k*e«  widespn'ad. 
Evidence  for  the  presence  of  blue-grt'en  algat?  is  given  in  the 
chapter  dealing  with  these  forms. 


LOWER  PALEOZOIC  PLANTS 

A#  Pftleozoic  has  lx‘im  called  the  age 

vLir  Clambrinn,  a  considerall 

vanety  of  fossils  of  algae  are  known  (Fig.  W2f>).  No  hind  plants 
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have  been  fmind  in  strata  carliar  tlian  the  Devonian.  It  is  not 
improbable  that  land  plants  did  occur  in  the  Silurian;  but,  if  so, 


Fic.  1025.  Cambriiin  *lg«e 

AIk>vc,  .ijnmr,  tower  left,  Ihtbjia  racmaia; 

mimim.  At!  sliRlitly  !<««  Iha«  twice  natural  rim.  (After  Walcott; 


they  were  prohnhiy  very  primitive  forms.  Most  algae  are  very 

soft  and  do  not  make  very  good  fossils.  In  general  the 

only  the  external  form  of  the  plant.  It  is  therefore  rat  er  i  cu 
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to  decide  definitely  to  what  .groups  foasil  ai.ffiie  helune;.  The  forms 
of  Cambrian  al,mie  indicate,  liowever,  that  a  variety  of  biue- 
green,  green,  brown,  and  red  a!ga(‘  were  (iresenl  at  that  time. 


A  *1 

ii  II 


r.  i'f 

till 


m  lid 

« It 


'■V:i 

^4  *■*<; 


!  ^  ‘  i 

't  *  M  f- 


•t  ,1 
tt '  •  '.V . ; 


'i'  cl*',  ‘i,V^  .u 

YvKec'wVi  >  ;  ‘i 


I  34*  Early  Devonian.  Avery 

‘ir t*  ii  (iianae  in  the  flora 

wiirld  took  place 
iHofinian.  Fosaik 

^1)  uf  tlifMihiosl  known  land 

f|k  ''=  found  in  the 

n*.  P A  »  '  lower  Dovoriiain  anti  Im‘- 
m  V  f  t‘iuh»f  the  period 

T' ';|  .Vt*r'^  ,1  ahoady  thw'eh 

*  'tf  '"a'  » '•  opod  a  eorondemhltMliver- 

'HJi*.  ^  f  hiiy  of  lorna^lria!  foriiis. 
V>K'V‘'‘4i!|  Dtwatiiiaii  w:is 

/  1^  •-  t  /^'/h^dii/fo/rx, 

ir  V’^heVy  wliieln  ti<  u«*  liavt*  iioltal, 

f  ‘‘vVryf^  fix  ^  ari^  a  very  priiiulive  or- 

1  Y*  '*1^  <h*r  tjf  tile  l^itiiiltiphytn. 

v\  \\\J^\  o'/  '  V  /A'ilop/iyPift'.s',  which 

(^W4vl’%o  \\  know,  appfaar  to  rep- 

'/  I  lieiicfuliml 

^3’oolQ  /  ptendopliytcs 

‘"^  ;  j ,  from  whieli  tl»‘  hialieriir- 

Fic.  1026.  Cladoxyhn  smparium,  «  ttiid-  verijei'!,  and  ffeaili  which 
Devonian  pieridopliyle  related  ihe  fcrii  ip^*  ||P||||5^  g|*|» 

wfcniiiMl.  Ill  tin'  citrliiT 

'“  “r,liS  «:*  i»"  "<  ""■ ' 

lettvoH  PKilophiftaleK  were  wide- 

Kpreiui  over  the  .•inrface 

of  the  earth.  They  must  have  formed  a  strarige  fy}K'  of  low 
vegetation  from  which  trees  or  even  busiuw  were  Im-kiug. 

Middle  and  late  Devonian  floras.  During  the  middle  and  latter 
part  of  the  Devonian  we  see  groat  advanccH  in  tlie  stniettirc  of 


\  ll.V, 

'-vV'Vf* 

\1  'Jl 


x'V-Ma* 

yi'.M 


with  sporangia,  amd  small  divi<i«‘tl  stiTiIo 
leaves 
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plants,  and  the  coming  in  of  various  new  ty{)es.  Tiiese  appear  to 
have  been  derived  from  the  PtiilophytuUx  of  tht*  earlier  Devonian 
times.  There  were  primitive  Equi.'<e(ali\'i  and  also  ft'nis  of  a  primi¬ 
tive  type. 

In  the  upper  Devonian  of  New  York  there*  have  Ix'en  found 

abundant  remains  of  u  st'ed-fern 

twith  large  fronds  which,  when  living, 

is  belitn-eil  to  have  lu’en  a  tree  ten 
or  twelve  mt'ter.s  tall  (Figs.  952, 
1027).  The  seed-ferns,  as  we  have 
seen,  tire  the  in<t.st  primitive  of  the 
seed  plants,  and  imiictite  a  common 
ancestrtd  stm-k  for  fern.s  tind  seed 
plsints.  In  the  upjH'r  Devonkin  of 
New  York  we  find  also  ti  hirgc  ly- 
copod  (Figs.  1027,  I02H).  This  was 
a  tree  probtibly  twelve  meters  in 
height,  SI  fort‘ruiiner  of  the  giant 
lycopods  of  till*  ( 'tirboniferuus. 

The  two  great  lyeopod  genera  of  the 
Carhimifenms  («Tiod  were  /.epa/wfea- 
dron  and  SitjUlarin.  In  Sittilliirm  the 
leaf  sears  are  arranged  on  rilw  in  vertical 
rows,  while  in  Lepuiwknilrm  they  are  in 
spirals.  In  the  Devcniian  tyeoiiod  f/Veio- 
Upuhdmimn)  they  are  in  vertical  rows 
Fre.  1028.  Pr^kpi^endron  jilaiit  and  are  more 

pnnusevum  or  less  spirally  arranged  on  the  upfier 

Lower  left,  aerial  leaf  scsirs  on  parLs. 
upper  part  of  stem;  lower  cen¬ 
ter,  arrangement  of  leaf  scars  on 
lower  part  of  trunk ;  lower  right, 
a  leaf.  (After  Berry) 


ter,  arrangement  or  lai  scars  on 

lower  part  of  trunk;  lower  right,  ,,  ,  ,  . 

a  leaf.  (After  Berry)  there  was  a  great  variety  of  ptend!>- 

phytOH.  These  inclutled  the  lycojKHl 
genus  Lepidodendron,  which  became  so  prominent  in  ( ’arb<»nifero«.H 
time ;  also  the  genus  Sphenophyllum  of  the  Etiuiseiimm.  The  vari¬ 
ous  plants  from  the  middle  and  upper  Devonian  forecast  groups 
which  w'ere  prominent  in  the  Carboniferous  period  (Fig.  1B;17), 
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CarboniferouH  Floras 

Environment  of  Carboniferous  period.  V(>ry  favorable  condi¬ 
tions  for  the  Rrowth  of  plants  were  wi<ieHprea<l  during  the  Car¬ 
boniferous  period.  A  uniform  Tiiild,  perhaps  .subtropical,  climate 
seems  to  have  extended  north  into  the  Aretie  regions,  as  the  same 
plants,  of  tropical  appt'arance,  are  foumi  in  America,  I';uro|>e,  and 
within  the  Arctic  circle.  There  w(>n‘  va.st  plains  from  which  the 
water  drained  but  sknvly,  and  so  then*  wt're  great,  frt‘sh-water 
swamps,  in  which  were  laid  down  the  tremendous  ( 'arlumiferous 
coal  beds.  The  vegetation  which  g:iv(!  rise  t(t  these  iuum-nse  beds 
of  coal  has  been  regarded  by  many  geologists  ns  one  of  the  most 
luxuriant  which  have  been  recorded  in  geological  history. 

In  North  America  the  dcisisits  of  the  luwiT  and  the  upjHT  t  'arhonifer- 
oua  are  so  distinct  that  Aincricau  geoIngi.«t.s  uHinilly  separalt*  them  into 
two  periods,  the  earlier  called  Mississipitian  and  tlie  IiiIPt  I'enn.sylvaiiian. 
The  Pennsylvanian  was  the  iHTiod  of  the  great  coal  Iwds.  for  the  sake  of 
simplieity,  and  hwauw'  it  is  ofUm  <iifficult  hf  tiistingiiisii  between  Mkais- 
sippian  and  Pennsylvanian  floras,  these  two  jn-riods  are  here  regard«al  as 
constituting  the  t'arboaifcnms  period. 

Plants  of  the  Carboiuferous  period.  Protninent  among  the 
plants  of  the  (’arboniferous  {X'riod  were  giant,  horsetftib  (Equif 
setales)  and  lyoopoda  (Ltfropwlkika)  (Figs.  U>29).  The  horse¬ 
tails  reached  a  height  of  twenty  t»r  thirty  meters  and  a  dianieter 
of  a  meter,  and  the  lycopods  attained  even  greater  dimensions. 
Ferns  were  rather  scjirce,  but  seed-ferns  were 

exceedingly  abundant.  Mimt  of  the  latter  were  relatively  small, 
although  some  may  have  Imn  f!iir-8i7,ftd  tree.s.  An  extinct  order 
of  tall  gymnospennouH  trees  {Coniaitakn)  was  e,(*ns|>icut»iis,  and 
there  is  evidence  to  indicate  that  the  eonifew  mmle  their  appear 
ance  before  the  close  of  the  period  (Fig.  More  than  two 

thousand  species  have  been  recorded  from  the  f'ltrljoniferoua 
period,  and  it  is  not  probable  that  we  arc  aetjuainted  with  half  that 
actually  existed. 

Carboniferous  forests.  The  vegetation  of  the  ( ’arb>i»if»}rou« 
period  varied  from  place  to  place  as  d<M«  mmlcrn  vi^getalitui.  It 
also  underwent  changes  as  time  pji!58ed.  We  cannot,  therefore, 


rive  a  description  which  would  fit  all  of  it.  However,  we  can 
picture,  more  or  the  plants  which  in  various  combinations 

made  up  that  vcKctation.  .  ,  .  i,,  ,  „ 

The  tall  trees,  alniut  tliirty  meters  m  height  or  taller,  were 
Ivcopods  (particularly  Lqn'doih  ndmn  and  Sigillaria),  Calamites, 
and  Cordaitah'tf.  Not  all  of  the  lycopods  and  calamites  were  such 

giants;  many  of  them  - .1,^,  — . 

were  smaller  plants,  and  r"'  * 

among  the  lyeo pods  were  ,  ^ 

small  herbaceous  spiaaea 

simiIarto*SV?«p/»c//«.  k'sa  ,  ^ 

lofty  than  the  giant  lyeo-  ! 
pods  and  calamites  were  ^ 
the  tree  ferns  of  the  lute  |'  ^ 

Carboniferous  and  Ter-  ^  ^ 

mian  periods.  Among  the  f 
smaller  or  m<'dium-size<l  I  '  .  | 
plants,  seed-ferns  were  V  y 

very  conspicuous,  while  y"  ’ 

ferns  were  present .  Slen-  . 

ders 
ably 
oth© 


fernlike  fossils  which  are  1030.  ff-’akkUi  frondosa,  one  of  the 

so  abundant  in  the  (’ar-  Paleozoic  Coniferales 

boniferous  ixviotl  have  After  Renault 

proved  tf>  lie  a<;c<l-ferns  ,  r  m  i 

(CvratMlirak’n).  I  n  «t  her  cases  it  is  not  known  defimtely  whether 

they  art,  true  ferns  or  m^A-knm.  However,  there  is  one  arge 
class  (early  ferns,  or  Primofdim)  which  appear  to  be  of 

fern  stock.  They  wews  small  planta  of  an 

back  into  the  Devonian  period.  In  f 

(Primr#fca)  the  fronds  apparently  cormsteef  of  naked  rachises 

0E  wliick  tht  apraagi^  were  borae  termiBaUy* 
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THE  CLOSE  OF  THE  PALEOZOIC  ERA 

The  Permian  is  the  last  period  of  the  Paleozoic  era.  The 
Carboniferous  grades  into  the  Permian  gnuiually,  and  there  is 
much  question  as  to  whether  certain  stages  of  development 
started  in  the  late  Carboniferous  or  in  the  early  P(*nnian.  It  is 
therefore  more  convenient  not  to  try  to  define  too  exactly  what  is 
here  regarded  as  the  closing  epoch  of  tiu‘  Paleozoic  era. 

Geological  changes.  In  late  Paleozoic  times  then*  was  active 
mountain  building  and  a  rearrangement  of  large  areas  of  land  and 
sea.  At  this  time  the  Appalachian  as  well  as  other  mountain  chains 
elsewhere  were  raised  to  great  heights.  In  the  southern  hemi¬ 
sphere  there  was  widespread  glaciation  in  an  ice  agt*  severer  than 
the  more  familiar  Pleistocene  ice  age ;  dryness  and  ei^Idness  l>ecame 
widespread,  and  there  was  a  great  impoverislmu'nt  of  the  flora. 

Changes  in  flora.  The  change.s  in  vegetation  whii*h  mark  the 
close  of  the  Paleozoic  came  on  gradually,  but  lx*fore  the  end  of  the 
Permian  they  were  very  profound.  The  giant  lepitlodendrons  and 
sigillarias  had  disappeared,  though  small  forms  r{'s<'mbling  Lyco- 
podium  and  Selaginella  contiuue<I  info  the  .Mesttzoic  jx'riod. 
Sphenophyllum  and  the  true  calamitit's  se<’m  to  huv«‘  ht'come  ex¬ 
tinct;  henceforth  the  Equisetedes  were  represented  by  humbler 
types  than  the  giant  calamites  of  the  (’arboniferous.  Ferns  were 
abundant  in  the  Mesozoic  era,  but  many  of  the  Paleozoic  types, 
including  the  Carboniferous  and  Permian  tree  ferns,  disappeared 
by  the  close  of  the  Paleozoic,  and  many  of  the  Mesozoic  ferns 
were  more  recent  types.  Many  of  the  imaninent  Cymlujilimks 
(fled  out,  but  the  order  continued  into  the  Mesozoic  with  gr«*atly 
decreased  importance.  Cmdaitaks  are  not  known  to  have  sur¬ 
vived  the  Paleozoic,  but  leaves  similar  to  theirs  have  been  found 
in  Triassic  strata.  Altogether,  it  may  be  ssiid  that  the  plants 
which  dominated  in  Carboniferous  times  hsid  practically  passed 
away  before  the  close  of  the  Paleozoic  era. 

While  the  late  Paleozoic  saw  the  passing  of  many  types  of 
plants,  new  ones  belonging  to  the  CyeaiMeiit,  Gmkgmle«,  and  Cmi- 
fer(des  had  come  upon  the  scene.  These  orders,  together  with  new 
types  of  ferns,  were  destined  to  dominate  tlio  greater  part  of  the 
Mesozoic  era. 


Glossopteris  flora.  While  in  earlier  Carboniferous  times  there 
,re  similar  floras  in  both  northern  and  southern  hemispheres, 
rvery  distinct  flora  developed  in  the  south  during  the  late 
Paleozoic  At  that  tim(>  there  was  a  great  southern  continent, 
known  as  Condwana  Land,  which  embraced  much  of  Australia, 
India,  Africa,  South  America,  and  — 


A  sea  separated  what  is  now  eashTii  /; 

Asia  from  western  Kur<tpe,  but  acros?  ;  '■  'a|j^> 

the  North  Atlantic  there  was  a  land 
bridge,  aiul^also  <«ie  from  Africa  to 

most  severe  glataation  (»f  g('ologi- 
cal  history.  In  this  region  there  ' 

develoiHH  1  uls(  >  a  very  d  ist  inct  flora,  7 . 

called  the  (ihmopU'm  flora  from  k  y 
the  genus  aiomiplmH,  one  of  its 
oroiniuent  cHmstitucnts(I‘ ig.  1031). 

The  .lominanl  plants  had  large,  F.c.  1031.  GWp.*™  f.row»u,«« 
coarst'  femlike  leaves,  some  of  After  Brongmart 

which,  inchuUng  Hkmmptem,  were  , 

entire.  'Fhese  plants  are  l>elicve<i  by  many  to  have  been  seed- 
ferns.  'fhe  (ihumptcm  flora  was  much  poorer  in  secies  th^  the 
forests  contemiM»rary  with  it  in  the  northern  hemisptere,  but  i 
contained  siiccies  Iwlonging  to  all  the  great  orders  of  Carbonifer- 

nSore  the  close  of  the  Permian  there  must  have  teen  some  l^d 
csonncction  across  the  Tethys  Sea,  as  Gondwana  plan  s  ^ 

to  the  northern  continent.  As  these  harfy 
scendante  spread,  they  produced  great  changes  m  the  character  of 


Fic,  1031.  Glossopteris  browniam 
After  Brongniart 
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MESOZOIC  FLORAS 


Triassic.  In  the  earlier  part  of  the  Triassic,  period  the  climate 
continued  to  be  generally  drier  and  less  uniform  than  before  the 
Permian  glaciation.  Plant  fossils  from  the  earlier  Triassic  are 

scarce.  'Fhe  vegetation 


was  probably  nut  sorieh 
as  in  the  i,„'arl.)unifercms, 
llnweverj  mttm  of  the 
apparent  seardty  may  be 
due  t'Ci  tlic^  fael  that  the 
coiiciilions  iiiMier  whieh 
the  sediiiieiitiiry  rocks  of 
the  period  were  formed 
were  not  favorable  fortlie 
preservation  of  vegetable 
remains.  We  Imve  more 
plant  hmh  in  rocks  of 
the  late  'Triassic,  'when 
the  piissap'*  of'  I  hue  and' 
the  stimulus  of  efninged 
■eorii'litioiis  liici  resulted 
in  a  vegetation  very  dif¬ 
ferent  fnuti  limt'  of.  the 
early  ■IferrriiaiL 

Relatives  of  the  great 
gnaips  of  the  l^aleoxoic 
erg  ■  lingered  on  ia  .the' 
IViassie.  The 


Fic.  103'2,  A  T'riagsk* 

After  llecT 


hilm  were  represtuited  by 

forms  much  Kmjtller  than 
the  giants  of  the  Car¬ 


boniferous  and  intermediate  between  them  and  reeent  ^>eeto 


(Figs.  868,  1032).  By  the  end  of  the  Triassic  the  larger  forms 
^d  disappeared,  leaving  only  smaller  ones  comparable  with  those 
of  today.  The  same  is  true  of  the  Lyatpodiaien.  The  position  of 
the  seed-ferns  is  obscured  by  the  difficulty  of  distinguishing  be¬ 
tween  seed-ferns  and  true  ferns.  However,  this  line  ap|»ear»  to 


,  »  ('•vrricd  on  far  into  lh(‘  Mesozoic  by  forms  different 

those  which  were  prominent  in  the  Paleozoic. 

^'“Dominant  plants  of  the  Mesozoic  period.  From  the  Triassic  to 
.  lower  Cretaceous  the  tiora  was  dominated  by  Ginkgoales  ferns, 
foniSrand  particularly  by  cycadophytes  (cycads  and  their 

d'he  ferns  (I'iirs.  ItSd  1035)  attained  only  moderate  di- 

Triassie  imtl  Jurassic  were  J,.„.  J033.  ctathroptem,  a  Triassic  fern. 

conifers  and  Cl  Co*  '*  (  xi) 

nifers  were  numermw  and  After  Berry 

widely  distributed ;  prolv  Iw^lonced  to  the  Oinkgodks. 

ably,  however,  the  j  genera  and  numerous  species. 

In  the  Mesf^oic  there  of  angiosperms.  The 

The  Cretaceous  penod  and  the  ®  ^  Caytoniales, 
arst  definitely  ktuwn  angioHiiermB,  otK 

are  found  in  the  earlier  part  JJ^owL  Cretaceous 

petrified  stenw  of  without  any  trace  of 

are  different  specimens  show 

gymnospermmw  characters,  iviom  ,  appearance  of 

Snsiderable  oHonps  leads 

anKiosperms  during  the  Cretaceous  ‘  »  .  ^od  of  evo- 

Otter 


Flii*  1033.  CMhmpterUi  a  'Triassic  fern. 
(  Xi)  , 

'After  Berry 
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than  the  presence  of  the  Caytoniales  in  the  Jurassic,  there  are  very 
few  and  inconclusive  direct  indications  of  the  presence  of  angio- 

sperms  l)efore  the  Cretaceous. 

There  is  evidence  that  a 
considerable  part  of  the  evo¬ 
lution  of  the  angiosperms  took 
place  within  the  Arctic  Circle. 
Early  in  the  Cret  aceous  a  varied 
dicotyledonous  flora  occurred 
in  (Jreenland  along  with  older 
fype.s.  Similar  dicotyledonous 
floras,  which  apjauir  to  have 
inigrate<l  fr<»»i  such  a  center, 
are  found  later  in  Asia,  North 
America,  luni  Euro{M‘.  During 
Cretaceou-s  times  there  was  a 
southward  .spreading  of  floras 
Camptopterisspiralk,*  in  Asia,  North  America,  and 
Triassic  fern,  (X  j)  Kuroja'  whhdi  reached  as  far  as 

After  Nathorst  South  America  and  Antarctica. 

Ikifore  the  end  (4  the  lower 
Cretaceous,  angiosperms  were  a  prominent  element  in  the  flora. 
By  this  time  a  number  of  modern  families  and  genera  were 
represented. 

Among  the  families  found 
in  Maryland  and  Virginia  fronn 
the  upper  portion  of  the  lower 
Cretaceous  are  such  as  the  wil¬ 
low  iSalieaceae),  beech  {Fagch 
ceae),  elm  (Ulmaceae),  fig  {Mo- 
raceae),  celastrus  (Cehstaceae), 
grape  (Vikteeae),  laurel  {Laura- 
ceoe),  soapberry  {Sapindaceae), 
and  water-lity  (Nymphaeacme) 
families. 

Upper  Cretaceous.  Inui>- 
per  Cretaceous  times  angio¬ 
sperms  were  the  dominant  plants.  Before  the  cl«»  ol  th®  Cre¬ 
taceous  monocotyledons  had  b^n  to  appw. 


Fic;  1035^  Bkiypfikflhm  a 
Tribitic  hm.  {  X 

All«r  Nittkiiii 


During  tlic  Crc'tacp(niK  a  mild  uniform  climate  seems  to  have 
been  widespread,  as  the  same  floras  occur  in  North  America, 
Europe,  Asia,  and  Greenland.  In  the  latter  place  temperate-zone 
plant?  (poplars,  walnuts,  inagnuliaa,  pines,  oaks,  etc.)  occur  along 
with  tropical  types  (breadfruit,  figs,  emnamons,  etc.). 

In  upper  C'retaceous  time's  new  angiosperms  continually  ap¬ 
peared  and  older  tyiH's  di,sHpiH'ared.  Before  the  close  of  the 
Mriod  most  of  the  archaic  plants  of  former  floras  had  become 
^tinct.  The  cycadophyt  «'.s  mdiiinkgoedes  had  lost  their  dominant 
place  most  t)f  their  tyix's  had  disappeared,  and  henceforth  they 
were  to  Ix*  represented  by  remnants  which  would  occupy  only 
insignificant  places  in  the  floras  of  the  world.  Their  position  was 
similar  to  that  of  the  lyeopod.s  and  horsetails  after  the  passing  of 
the  Paie(»zoic.  'fhe  (linkgmU'n  came  very  near  to  sharing  the 
fate  of  the  Ct/mdoJilkah'K  and  Cordaiiales. 


CENOZmC  VEGETATION 


Before  the  clo.se  of  the  (Tetaceous  period,  angiosperms  had 
become  the  dominant  group  of  plants;  and  they  have  so  con¬ 
tinued  until  the  present .  Many  living  genera  were  represented  at 
the  Ix'ginning  of  the  <  'enozoic  era,  and  the  flora  had  a  very  modem 
aspect,  However,  lu'rhaceoua  species  were  much  less  abundant 
than  at  prewid,  and  individual  species  of  plants  had  a  much  wider 

distribution.  .  ,  ,  j  A  * 

The  floras  of  temf^erate  North  America  and  central  and  west¬ 
ern  Eurojx*  were  such  as  are  now  characteristic  of  more  southern 
regions,  ami  e.ontained  numerous  tropical  genera,  thus  indicating 

«or.Un,a«  (F«.  «)»). 

from  the  Ural  Mountains  across  Sibena  to  northern  Japan.  A 
luxuritinl  ipra  flourished  k  Greenlawd. 

Tlie  climatrof  the  stmtbem  hemisphere  appears  to  ^^ve  ^en 
more  similar  to  that  of  tmiay  than  in  North 
and  no  such  great  changes  have  occurred  smee  as  m  the  latter 

period  saw  a  gemral 

and  Europe,  and  the  vegetation  became  much^of 

During  the  Pleistocene,  great  ice  ^ps  reached 

aLrfen  and  Eurooe.  They  did  not  ^read  out  only  once. 
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llir  Fhml  Iviiipiotii 


but  several  times  alternately  spreatl  uiel  then  n^triMlacl. 
the  ice  spread,  plants  wnv  farced  to  mi^ratc^:  ami  vhen  it  re 
treated,  veiretation  fnllmveil  In  North  America,  as  the  icfe  ex¬ 
tended  south  there  were  n^klively  easy  routes  of  miaraiion  for  th« 

r- .  ■  phuit.s  wflirh  could  re- 

turn  vUicimluciutionhad 


pasw'd. 


ssime  waj. 


I  true  ill  Asia,  and 

^  the  result  nf  this  was 
tlmt  luaiiy  of  ihu  widely 
I  distrihulcii  jdants  of  the 
,  uarly  t  Vut./.uic  persisted 

atiii  llial  (he  Horas  oj 
e.'i'tiTti  Asia  atiil  of  east¬ 
ern  Xortli  Americii  have 
luaiiy  poitits  ill  niiimion, 

‘  'Phis  re'-erubiaiici*  is  s(H>n 

Jtnf  MiiU  in  t unity  genera 
I'tit  en'U  ill  ium,cr..u.i 
,  idetitieul  specie.s.  Thus 
i  the  tulip  tree,  the  bald 
I  cypress,  jui.l  t!te  sassa. 

frus  are  cotuiiion  to  the 
I  twii  regiuns.  J 

i  {«  i  atniiMj  cctmlitioia 
j  vvcretlifTcrciit.  The  high 

I  !ii.'Ui!-,-:tf  a.T."-'  South- 
I  t-rit  Kurojii-,  theiusflvea 

.  ■  . .  I  capiwd with Klnciers, and 

Fic.  1036.  Swittedand  in  Mtoren*,  limei  »<*'»*  t‘»  <S»*  uf 

After  Ileer  ‘'rt'cC- 

.  l«*rrier  :ife:iianl  the 

migration  of  many  HpecktH,  OHpfxtitilly  tho  iimw  frupitatl  unea. 
many  species  jxsrishtx!,  often  not  to  return  to  thw  continent.  To  a 
considerable  extent  Kuro{)e  hwl  to  Ik*  rcfuipuiattai  tiftcr  tlie  iceagej 
probably  mostly  from  central  Asia. 

Another  effect  of  tlie  ice  ap  is  seen  in  tte  oc«turrent»  of  arctic 
ypes  high  up  on  isolated  mountains.  Aa  the  i<*  apreati  south,  Soi 
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did  arctic  plants.  When  the  ice  retreated  north,  the  plants  fol¬ 
lowed  ;  but  they  al^o  followed  the  glticiers  as  they  retreated  up  the 
mountains,  and'  they  then  iK'came  isolated. 

While  angiosiH'nn.s  have  dominated  throughout  the  Cenozoic, 
there  have  Ix'cn  many  changes  in  the  kinds  of  plants  and  their  dis¬ 
tribution.  Old  ty{)es  have  dis!ipi>eared,  and  new  ones  have  taken 


PALEOZOIC 


MESOZOIC 

CENOZOIC 

CRmCEOUS 

mEKTAm 

TBmm 

FiC.  1037.  Diagram  «f  dislribution  and  importance  of  orders  of  Pteridophyta 

aH'tl  in  geological  time 

The  rektionshipB  of  the  difleront  orders  axe  also  indicated 

their  places.  Forms  which  were  important  and 

dwindled,  while  others  less  prominent  have  increased  m  abundance 

and  become  widely  distributed.  .  Pe,Tin. 

The  dwindling  importance  of  certain  dis- 

zoic  has  been  very  striking.  The  bald 
tribution,  once  flourished  over  much  of  North 

and  Greenland.  The  genus  &?«oio  was  once  promment  over  muen 

of  the  world. 
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CONCLUSION 


Throughout  geological  time  there  has  been  a  continued  succes¬ 
sion  of  plants.  The  opening  chapters  of  geological  history  .show  the 
presence  of  only  the  simplest  forms.  W  ith  each  era,  and,  where  we 
know  the  details  better,  with  each  succeeding  i«*riod  or  portion  of  a 
period,  more  complex  and  highly  evolved  plants  made  their  api>car- 
ance.  They  became  dominant,  only  to  be  superseded  later  by 
newer  and  more  progressive  groups,  fortunately  for  our  under¬ 
standing  of  them,  ancient  plants  which  have  given  way  to  more 
advanced  ones  have  often  left  fossil  remains  or  living  repr('.senta- 
tives  or  both ;  and  these  enable  us  to  reconstruct  much  of  the  iiis- 
tory  of  the  plant  w'orld  (Fig.  1037). 

In  the  early  part  of  the  record  we  see  the  .successive  apivearance 
of  higher  types,  but  the  details  arc  hazy.  Beginning  with  the 
Devonian,  the  picture  becomes  much  clearer.  Not  only  are  the 
plants  of  succeeding  times  more  advanced  than  their  prede(;es.sorH, 
but  predecessors  and  successors  gra<ic  into  each  other  to  such  an 
extent  that  there  seems  to  be  no  doubt  that  the  newer  plants  were 
derived  from  the  older  ones  through  a  process  <*f  gradual  change. 
This  gradual  development  is  called  evolution,  I’he  net  result  ia 
that  there  has  been  evolved  a  flora  which  is  wondtjrfully  .suited  for 
the  needs  of  man;  and  so,  without  implications  of  any  kind,  it  will 
not  be  amiss  to  end  this  chapter  with  the  following  (iuotatitra  : 

11.  And  God  said,  Let  the  earth  bring  forth  grass,  the  herb  yielding 
seed,  and  the  fruit  tree  yielding  fruit,  after  his  kind,  whtw«*  m-ed  ia  in  itmdf, 
upon  the  earth :  and  it  wm  so. 

12.  And  the  earth  brought  forth  grass,  and  herb  yielding  stwi  afb‘r  his 

kind,  and  the  tree  yielding  fruit,  whose  seed  was  in  itself,  afti*r  his  kind; 
and  God  saw  that  it  vm  Genesis  1. 11, 12, 


The  proiluetiiiii  t,if  aiiythiiig  by  im  process  of  gradual  unfolding 
or  gradual  change  i«  known  m  evolution.  In  this  sense  we  speak  of 
the  evolution  of  a  machine,  the  evolution  of  civilimtion,  the  evolu¬ 
tion  of  a  nation,  the  evolution  of  the  world,  or  the  evolution  of  the 


The  pn‘«*nt  configuration  of  the  earth  is  known  to  be  due  to  the 
accumulation  of  the  same  kind  of  gradual  changes  as  are  going  on 
around  u«  at  the  pw»nt  time.  Streams  gradually  deepen  their 
beds  ■  soil  iK  washexi  from  hilkides  into  rivers  and  then  car^  into 
lakes  or  «e4ift ;  in  this  way  the  earth  has  become  cut  into  nd^s  and 
valleys.  In  some  plaw.H  the  land  is  rising,  while  m  others  it  is  sink¬ 
ing.  I-lartiwmakes  and  volcanic  eruptions  also  modify  the  geog¬ 
raphy  of  a  locality,  C’hanj^s  such  as  those  mentioned  have  evolved 
the  present  configuration  of  the  earth's  crust. 

Plants  and  animals  also  undergo  change;  and  a  study  of  tne 
origin  of  cultivated  plants  shows  that  most  of 
been  produced  by  the  selection  of  desirable 
apeda  that  inhabit  the  earth  at  present  axe  ^o  «om 

pmioualyejdsting  plants.  tlclrs 

mfluenw  of  natund  selection.  Wten  a  favorite  .  ^  , 

ia  either  .  pleat  or  aa  primal,  a»«  h, « 

ping  changes  which  ^  to  axe 

toheexp^Jt^  that  db«3ges  wW<h  would  make 

IM  momma  o*  i-wownasott^micetwltifm^ 
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Organic  evolution.  According  to  the  tlieory  or  law  of  organic  ( 
evolution  the  present  floras  ami  faunas  of  the  world  have  been 
derived  from  those  of  past  ages  by  gradual  rhang(>s.  During  the 
course  of  these  changes  the  organisms  liave,  in  general,  become 
more  complex  and  tetter  fitted  to  their  environment,  'Fhe  pad- 
ual  process  of  evolution  has.  nuuet>ver,  ('\oHc^d  plants  and  animals 
that  are  suited  to  very  div(>rse  environments.  I'he  original  an¬ 
cestors  of  present-day  plants  and  animals  must  hav<'  In'en  very 
simple  indeed  as  compared  with  the  most  ciunplex  of  their  modem  i 
descendants. 

The  general  similarity  of  protoplasm  in  physical  structure, 
chemical  composition,  and  physiological  responses  certainly  indi¬ 
cates  that  all  protoplasm  came  frooi  the  .same  source.  Moreover, 
the  similarity  of  the  phenomena  of  sexuality  and  inheritance 
argues  for  a  relationship  of  all  higher  animals  and  plants. 

Evidence  of  change.  In  connection  with  the  evolution  (»f  plants 
there  arc  two  main  questions  wliieh  retpure  coissideratitm.  First, 
are  the  plants  of  our  present  flora  the  result  «>f  a  process  of  evolu¬ 
tion?  Second,  assuming  that  they  are,  what  has  kam  the  nature 
and  cause  of  this  proaws?  We  wilt  first  consider  the  proof  that 
evolution  has  taken  place  in  plants. 

Plants  at  the  present  time  undergo  mutation ;  in  other  words, 
they  change.  We  have  seen  that  these  mutations  are  tluc  to  change® 
in  chromosomes  and  that  the  characters  which  result  from  muta¬ 
tions  are  inherited  in  Mendelian  fashion.  This  proves  at  once  that 
organisms  can  cliang®  or  undergo  evolution. 

We  next  have  to  determine  the  extent  to  which  they  may  evolve 
or  have  evolved.  Fossil  records,  ctwnparative  moridmlogy,  and 
geographical  distribution  are  probably  tlte  most  imptjrtivnt  tines 
of  evidence  for  evolution  in  plants ;  and  one  can  realise  the  com¬ 
pleteness  of  this  evident  only  after  making  a  thonmgh  study  of 
these  subjects.  The  evidence  for  evolution  ia  not,  however,  com 
fined  to  these,  as  aU  the  fields  of  biokw  affowf  striking  evidence. 
The  more  one  knows  of  biology  the  more  complete  the  evident* 
becomes. 

Gedoihad  evMtsnce.  In  previous  chapters  w©  have  tweed  the  i 
reeoid  of  fossil  plants  from  very  early  times  to  the  present.  In  the  | 
last  dhapter  the  evidence  was  summarli^.  It  diowed  that  in  very  | 
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early  times  the  plants  were  exceedingly  simple,  and  that  as  time 
assed  they  become  more  and  more  complex  until  finally  the  pres¬ 
ent  very  highly  dev<'l{vp<'d  floras  appeared.  We  also  saw  that  the 
lants  of  one  age  or  {>crioti  graded  into  those  of  the  next  in  such  a 
vay  that  the  only  reasonable  explanation  was  that  the  plants  of 
one  age  were  derived  by  gradual  change  from  those  of  the  preced¬ 
ing  age.  In  utlier  wonis,  there  has  been  an  evolution  of  plants 
throughout  the  long  ages  covered  by  the  fossil  record. 

Comparative  morphology.  When  one  examines  the  plants  we 
know,  both  living  and  fossil,  and  tries  to  arrange  theni  in  an 
orderly  se<pience,  he  comes  to  exactly  the  same  conclusion  as  he 
does  from  a  consitieration  of  the  fossil  record.  This  we  have  already 


The  most  complex  plants  arc  characterized  by  having  flowers 
and  a  c(unplicated  method  of  reproduction.  Plants  show  many 
gradations,  frtim  single-celled  plants  without  sexuality  to  the  com¬ 
plex  condition  found  in  flowering  plants.  In  some  simple  single- 
celled  plant  .s  Ihi're  is  a  fusion  of  similar  cells ;  in  such  cases  there  is 
no  differentiation  of  s<>x.  In  various  lines  we  have  traced  the  evo¬ 
lution  of  sex.  fctome  slightly  higher  types  show  an  indication  of  the 
differentiation  of  sex.  In  more  advanced  forms  there  is  a  fusion  of 
large  and  small  gametes,  while  in  still  more  progressive  types  there 
is  a  fertilimtion  of  eggs  by  spermatozoids.  Between  the  simplest 
plants  with  egg?»  and  sixjrmatozoids  and  the  flowering  plants  there 
are  still  many  grtwiations  of  complexity  in  sexuality. 

Just  as  there  are  gradations  in  the  development  of  seximhty,  so 
ateo  thewi  are  gnwiatums  in  vegetative  complexity.  There  are 
single-celled  plants  which  not  only  lack  sexuality  but  do  not  Mve  a 
wclkiefincd  nucleus,  and  in  which  the  photosynthetic  coloring 
matter  is  diffused  through  the  protoplasm  instep  of  l»mg  co^ 
tained  in  special  plwtids.  In  somewhat  more  highly  developed 
types  the  whole  plant  oonsists  of  either  a  single  ce  or  a  ® 

toiler  cells  with  well-developed  ® 

tibis  simple  vegetative  structure  wad  the  differentiatian  chara 
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plants  of  other  groups  in  that  they  possess  characters  not  found  in 
those  groups  or  lack  characters  which  those  possess.  In  classifying 
the  members  of  a  group  it  is  natural  to  arrange  them  from  the 
simplest  to  the  more  complex.  When  we  do  this  and  then  try  to 
arrange  each  group  near  to  the  groups  which  it  is  most  like,  we  find 
that  the  whole  system  of  classification  takes  the  form  of  a  branch¬ 
ing  tree  (Fig.  1038).  Thus,  the  various  higher  orders  of  gymno- 
sperms  point  back  to  the  CrjcadofiUailr.ii,  and  the  Ci/cadofilkt^  to  a 
femlike  stock ;  in  the  Pteridopk/ta  we  see  a  converging  toward  the 
Psilophytdles  ■  in  the  green  algae  the  three  main  lines  of  evolution 
converge  toward  a  single-cellcd  motile  type_  such  as  Chlamydmo- 
nm  Comparative  morphologj'  and  classification  therefore  indi¬ 
cate,  as  does  paleobotany,  that  our  presimt  plants  are  the  result 
of  evolution,  which  in  general  has  been  from  the  simple  to  the  more 
complex,  and  which  during  the  course  of  time  has  produced  a 
radiating  development  resulting  in  a  great  diversity  of  forms. 

In  plants  we  find  many  structures  which  can  be  best  explained 
as  survivals  from  past  an<»ator«.  In  the  green  algae,  liverw'orts, 
and  pteridophytes,  fertilization  is  by  means  of  motile  spermato- 
zoids;  and  in  these  plants  the  motility  is  very  useful  in  enabling 
the  s^rmatozoids  to  reach  the  eggs  in  the  archegemia.  The  pres¬ 
ence  of  fiagellated  spematozoids  in  the  simplest  (»f  the  living  seed 
plants,  where  the  spermatozoids  arc  carried  to  the  archegonia  by 
pollen  tubes,  can  certainly  be  best  explained  as  the  survival  of  an 
ancestral  characteristic.  Perhaps  equally  striking  is  the  wur- 
rence  of  prothalllal  cells  in  the  male  gametophytes  of  Sdagmdkt, 
Cycas,  and  Pinw.  Also  noteworthy  is  the  presence  of  the  very 
evanescent  ventral  canal  cells  in  Cym  and  in  Pinm.  The  ventral 
«^T^n  i  cell,  in  such  cases,  can  be  beat  interpreted  m  a  remnant  of  the 
row  of  neck  and  ventral  canal  cells  ^n  in  liverworts  and  homos- 
porous  pteridophytes,  where  it  serves  a  real  function  to  opening  a 
way  for  the  spermatoiioid  to  pa®  through  on  its  way  to  the  egg. 
Very  many  such  oases  of  mUm  are  known  to  the  plant  kingdom. 

During  their  embryology  {tents  often  jp)  throu|h  stages  which 
indicate  relatiomhips.  Mtmy  of  the®  are  too  technical  for  present 
cratederations,  but  smne  are  quite  striking,  leaves  of  many  wptdm 
<rf  acacia  are  pinnate.  In  Australia,  where  acacias  are  very  coin- 
raon,  there  are  a  number  of  spedes,  growing  under  very  dry  eon* 
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ditions,  whose  Icsives  ure  highly  modifu’d  in  th;i!  :i  iiiafurc  leaf  has 
no  blade,  but  the  {xdiolt-  is  fhittened  and  iiuiditied  into  a  leafiike 
structure  known  as  a  phyllode.  Acacias  ot  this  type  slinw  that 
they  have  been  derivetl  from  the  ordiitary  type  uf  aeacitt  In'cause 
the  first  leaf  after  the  cotyledons  is  pituuite  ttttd  similar  in  structure 
to  the  seedling  leaves  of  an  ordintiry  .acacia  i  Kii".  Itt!;)  s.  Sometimes 
several  leaves  may  b<'  pinnate  tmd  there  is  a  uradnal  ehattse  from 
the  typical  pinnate  leaf  to  the  phyllode  ciiudifioji. 

Geographical  distribution.  'Fhe 
pre.sent  distribiniun  i<f  plants  and 
animals  can  be  esplaineil  ntily  in  the 
light  of  evolution, 

M.any  plants  have  exeeilent  means 
of  seed  dispersi!  and  fire  very  widely 
distributed,  i'’rei|nentiy  these  are 
n‘C(*nt  and  very  *^iieee-sful  .sjM'cie.s 
and  giv«*  ns  Utile  or  tm  insidit  into 
tin*  past  history  of  plants.  In  gcii- 
end,  however,  liiiih  mouiitnins  or  .sens 
impose  burners  wldeh  many  plants 
tnid  animals  cannot  cross  very  readily 
if  tit  all.  Hence  sjwcies  nr  gfouiw 
of  related  .sjiecie.s  an*  often  enntined 
to  one  area  or  to  a  limiteil  nmnlx'r 
of  separate  areas,  and  it  Is  these  Hjx'cies  tlnd  give  ns  the  greatest 
information  concerning  the  tjrigin  of  plants  and  animals, 

From  geological  evidence  we  find  that  all  the  eontiiietif s  have 
had  land  connections  in  the  past,  and,  moreover,  that  mutty  hintl 
areas  which  at  present  are  islands  were  formerly  «*oimeef4*d  with 
continents  or  with  other  iHliunis.  Ha*  fionis  of  different  ri’Kiona 
and  islands  frequently  differ  widely  from  each  other,  and  In 
general  this  difference  increases  with  the  length  of  time  during 
which  the  two  areas  have  lieen  Bt*parated  from  each  other  hy  l«ir- 
riers  such  as  high  mountains  or  seas.  This  is  ea.'tily  explidniai  by 
the  teachings  of  evolution.  When  there  is  eominutiittition  lietwi'en 
two  contiguous  areas,  the  j^ants  and  aniinab  of  the  two  areiiji;  aw 
naturally  interchanged.  If  later  the  two  ureas  b*eome 
as  by  the  8ubmergen<»  of  land  connect  it jim,  the  fiora  ami  fauna  of 


Fic.  1039.  Leaves  of  a  species  <»f 

Acacia. 


On  the  loft  is  tht'  first  h‘af  aftt*r 
the  cotyleiiona;  mi  the  ripjht  is 
a  somewhat  older  in  whirh 
the  petiole  is  fiattened  and  leaf¬ 
like  and  tak<‘s  the  plnee  of  the 
leaflets.  (X  1) 
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each  wil!  continue  their  evolution  »parately.  Owing  to  the  method 
by  Involution  takes  place,  it  is  not  to  be  expected  that  the 
foiirr^e  of  vxulnium  will  Im^  the  same  in  the  two  different  localities 
but  nithfnr  that  inaahition  will  take  place  in  a  different  direction  in 
each,  tn  t Iiis  way  t lie  longer  the  two  areas  are  separated  the  more' 
distinefly  iliflerent  tlieir 
litul  floras  Ix^- 
foiiii*.  Ausfrali:i  ha.H!«*en 
si'‘par:itetl  froni  l!ie  rent 
of  the  laiifi  iireiiH  nf  the 

\\  < iT- ;  1  h  ''t'--  .::i(  1 

r-'  i:l'  *'•. ‘U;:! -jis! 

},•)**'»/  ' ; ,  ’  ;  i'  :  -  t  ■  i  ft  t  I  jr 

rr-  ’  ■  •:  * !  •  V. . o  1  hf’ 

-n  -pi-''  >  ‘  -'ffU- 

r:J;,  O'-  1:’  lopi  .nul 

i-  .o-  Of; 

Sinnniary  of  t-vidonco. 

\\  r  :a'»'  r.ifo  :o  fu-  -OhJii 

tu  a  thiol  sufuiiiary 

i'f  : !  v a  u*  ov- 

m'UO--:..  Wo  --rs-n 

tip  Oft  platU''.'  rliaiiuos 

tJiroauf;h 

iuHttif)*,  jiiur- 
pltoii»«j,v  atui  t’lamftea- 
tioH,  ami  thr 

(»f  jiknf «  »!1  c»»mbinc  to  show  that  present  floras  are 
ikrivwi  fn»m  thomf  of  tlie  |wst  through  gradual  change,  and  that 
llww  has  Im'n  a  dlt*¥tfk>f«npnl  through  evolution  from  a  very 
almiitr  tji»gi«nit»g  !«  great  iliversity  and  complexity.  In  other 
wimSj*,  thr  fe  that  the  plant  kingdom,  as  we  know  it  today, 

plany  httvf  devploficd  thnmgh  evolution;  it  now  remains  to  in- 


Fie,  1040.  Eucalyptus  forest  of  Australia 
Plwtograph  by  ftofrasor  D.  A.  Herbert 
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quire  as  to  the  causes  and  means  of  evolution.  Here  again  the 
inquiry  involves  the  answer  to  two  quest iims.  W  hut  has  l>een  the 
cause  of  the  variations  which  have  resulted  in  evolution,  and  what 
has  preserved  and  accumulated  the.se  variations?  We  can  answer 
the  first  question  very  simply  by  saying  that  the  variations  are  the 
result  of  mutations,  which  are  due  to  change.s  in  the  ehromosomea. 
This  much  we  know,  and  this  .suiqect  has  In'en  considered  in  eon- 
nection  with  heredity.  The  cause  of  these  ehange.s  is  a  ditlereiit 
matter,  and  we  have  already  seen  that  <.ur  knowledge  of  this  sub¬ 
ject  is  in  an  unsatisfactory  state.  However,  it  has  only  Ixarn  in 
comparatively  recent  time.s  that  we  itave  realised  tbit  liereiiitary 
changes  are  due  to  mutations,  or  that  we  have  found  that  muta¬ 
tions  are  due  to  changes  in  ehromo.somes,  'I'he  eauw  of  these 
changes  is  a  subject  of  very  gri'at  intere.st  :md  active  investigation 
at  present.  In  the  following  paragraphs  we  will  eonsider  the  means 
by  which  changes  brought  about  hy  mutations  have  Ikh'H  conservcHi 
and  combined  in  the  evolution  of  plants. 

Natural  selection.  The  method  of  improving  cultivated  plants 
has  been  that  of  selection,  which  may  or  may  not  have  Iwen  ac¬ 
companied  by  hybritlization.  Not  only  is  selection  the  metliod  of 
improvement,  but  continued  sehadion  is  frequently  neces.sary  if 
the  best  qualities  of  cultivated  plants  an*  to  la*  maintained.  Katu- 
rally  all  injurious  mutations  should  Ik*  eiiminaled,  as  should  all 
undesirable  individuals  rcmilting  from  hybridization. 

Since  selection  plays  such  a  prominent  part  in  the  growing  of 
cultivated  plants  and  domestic  atnnmlK,  it  is  not  jiurprising  that  in 
nature  too  plamts  and  animals  art*  subject  to  a  proww  of  HeleetiMrs, 
This  selection  by  nature  is  called  nniuml  mirtHm,  to  distingtiish  it 
from  artificial  selection,  or  select  ion  by  man. 

Struggle  for  existence,  Ol««‘rvation  of  natural  omwiitioiw  intU- 
cates  very  cleariv  that,  exceut  where  man  han  interfered,  a  aivcn 
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fondants  of  a  pair  of  apimala  livad  to  old  age  the™  would  bo 
oooush  of  them  to  populate  the  earth  to  .  *„«  ttote.  Ttoi 
aoleo  ntau  la  from  the  fact,  that  a  jlveu  region  i.  My  „oS 
by  planla  and  animals,  that  these  give  rise  to  many  oSirinT 
that,  owing  to  competition,  only  a  small  proportion  of  the  ojfiiS 
can  prow  up  and  m  turn  leave  descendants 

Owing  to  the  large  number  of  offspring  produced,  there  is 
nccessan b-  corniKdmon  between  the  offspring  and  also  between 
these  anti  their  parent.  There  is  competition  not  only  between 
mdivuiuals  of  the  same  species  but  also  between  different  specLs 
llus  comjHdition  is  the  so-called  struggle  for  existence  S  the 
ci^  of  ammalB  it  is  perhaps  easier  to  visualise  than  in  the  case  of 
plants.  I  here  is,  however,  just  as  true  competition  between  plants 
as  kdween  animals.  Every  farmer  knows  that  it  is  necessary  to 
keep  down  the  comjx-tition  between  weeds  and  his  crop  plants  bv 
destroying  the  wewis.  Otherwise  the  weeds  would  be  successM 
and  the  crops  would  disappear. 

Survival  of  the  fittest.  In  the  competition  between  plants  and 
IxtwiHui  animals  chance  plays  a  considerable  part.  For  example 
many  sei'ds  never  reach  situations  where  it  is  possible  for  theni 
to  genninate,  Nevertheless  it  is  true  that  in  general  those  indi¬ 
viduals  that  are  Ixst  adapted  to  their  environment  and  for  with¬ 
standing  eomjxtition  will  survive.  In  other  words,  competition 
results  in  the  survival  of  the  fittest.  By  this  we  do  not  mean 
the  survival  of  those  which  are  more  pleasing  or  more  useful 
to  mankind,  hut  tho»  which  are  best  fitted  to  live  under  the 
conditimw  of  their  environment  and  to  withstand  competition. 
Tl«^  survival  <»f  the  fitt«t  might  just  as  weU  be  termed  "the 
elimination  of  the  unfit,”  as  what  really  happens  is  that  the 
unfit  ar»*  eliminated. 

In  natural  selection  it  is  those  plants  that  are  not  fitted  to  their 
environment  or  for  withstanding  competition  that  are  eliminated, 
while  in  artificial  selection  the  plants  that  are  discarded  are  those 
thought  to  bo  teaat  aerviceaJide  to  mankind.  It  frequently  happens, 
tberefon*.  that  mutationa  whidh  would  be  selected  and  thus  pre¬ 
served  by  man  are  very  diffmot  ftom  ttawe  which  are  preserved 
by  iMitural  Molectlon.  Such  a  mutation  as  a  seedless  orange  is 
dMirable  from  tite  Btandpoial  of  man  but  omild  not  continue  to 
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exist  in  nature.  From  the  .st ancijxnnt  nf  si  plant  .svjhjri’l  to  natural 
selection,  many  seeds  :in<i  a  contpjinUivcly  Mimll  aiiiuunt  of  pulp 
are  favorable  characters. 

In  nature  varu^irated  Icave.s  with  white  area.s  re.'^tiltinK  from 
a  lack  of  chlorophyll  wuuhl  lx*  a  disadvantage,  as  the  material 
used  in  construct  ins  the.sc  areas  would  lx*  vva>ted  a.s  far  as  the 
chief  function  of  the  leaves  is  concerned,  {''rom  the  .standpoint 
of  artificial  stdection  such  plants  art*  frciptently  desirable  tm  ac¬ 
count  of  their  ornamental  value.  In  miture  .such  vaneitated  leaves 
are  very  rare,  but  they  are  vt>ry  eonsmoti  in  cultivation. 

Under  natural  ctmdititms  any  mutation  the  re, suit  of  which  is 
unfavorable  to  the  preservtitittn  t>f  the  siteries  will  in*  eliminated  : 
by  natural  selection,  hut  there  is  :i  tendeney  ft>r  favorable  muta^ 
tions  to  be  pre.scrvcd. 

From  the  fort'goina:  diseus.sion  if  i.s  i*asy  to  unth'rstnial  why 
many  of  our  cultivated  plants  eannoi  survive  when  j.-ft  to  them¬ 
selves;  it  is  also  evident  why  phiiii.*'  .*eetn  fhoroimhiy  .ailaf»tt‘d 
to  their  environment . 

Significance  of  sexuality.  'Hie  value  of  sevtiaiify  is  a  sultj»*ct 
about  which  there  has  iM-en  much  tlispute.  All  six'cies  of  hiuher 
animals  are  eoiniKised  of  mnle.«  ami  fenwie.s  'I’his  restihs  in  the 
production  of  only  half  a.s  many  olTspriitB  a.«  tfiere  wtniid  In*  if 
the  animals  were  bisexual  or  reproduced  by  ti  veKetafive  prtjftm  I 
The  great  majority  of  seed  plttnls  also  reproduce  sexually.  Mon*.  I 
over,  most  of  them  are  fitted  with  some  devire  to  insure  crow.; 
pollination.  Uonsidering  that  plants  »r»*  snlyeet  t»»  jt  rigtmtwl 
natural  aelection,  and  that  still  the  naijority  repriHiiiee  s^'xtiaily, 
it  would  seem  that  this  methotl  tttust  afford  a  real  adv.Hiifage,  I 

Yet  certainly  neitla'r  cri»ws-f»‘riilutation  nor  even  a  w>siwl  | 
process  is  necessary  for  .Humwful  repre»duftton.  Aimmg  the  hiwer 
animals  there  are  lawsuid  «|«‘cie.H  and  also  in  xvhieh  tte  i 

egp  develop  wilhtnd  ferfilixtition.  Both  the.'-ie  tyj(**s  of  aninmia 
seem  vigorous  and  sjjmtasfuJ,  'rherr  are  ini!«i*ro«s  sewl  plants 
in  which  a  sexual  fusion  i*  unknown  and  which  pr«io«;  fertile ; 
seeds.  This  may  kssuH  either  fr<tm  the  tlffvelo|wni*nt  of  witli* 
out  fertilization  or  fnwii  the  growtli  of  it  vegetative  wll  into  tlw 
embryo  sac  and  its  sutaequont  dewhipmetit  into  m  embryo.  As 
has  been  previously  jafintwl  oat,  plants  which  are  rvprwluiied 
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vcKHativcIy  or  which  arc  habitually  self-fertUized  seem  as  vigorous 
as  those  that  an>  rcproducccl  sexually.  gorous 

While  the  sextuil  process  is  thus  not  necessary  for  successful 
reproduction  this  nu^thud  dives  afford  great  advantage  in  the 
proiiuctmu  of  variations  upon  which  natural  selection  can  act 
If  a  faviirahle  mutation  aptxuired  in  an  individual  of  a  species 
and  anutluT  tayurahle  mutation  in  another  individual,  these  two 
mutati.ms  could  he  combined  only  as  a  result  of  the  sexual  process 
One  advantage  of  the  sexual  process  would  seem  to  be  the  product 
tiivn  of  new  tyives  of  individuals  which  may  be  better  fitted  to 
survive. 

Course  of  evolution.  From  what  has  been  said  about  the  causes 
of  evolution  it  will  l«.  evklent  that  evolution  does  not  follow  a 
straight  line;  its  course  is  a  branching  one.  A  diagrammatic 
representation  of  the  course  of  evolution  is  therefore  drawn  as  we 
shouhi  draw  the  hranehes  of  a  free,  rather  than  as  a  straight  line 
Because  one  form  ha.s  given  risi>  to  a  second  form  it  does  not  follow 
that  the  first  form  will  continue,  fo  exist  unchanged  or  will  ever 
again  give  rise  to  that  .second  form.  The  evidence  from  geographi¬ 
cal  di.st  rihiitioii  supporf  .s  the  idea  that  the  evolution  of  a  given  form 
will  produce  different  results  in  different  times  and  places.  When 
two  regiottf  with  similar  (lonvK  and  faunas  become  separated,  their 
fiunw  and  fmums  develop  jdong  different  lines,  and  the  differences 
increase  witli  the  hmglh  of  time  the  two  areas  are  separated.  We 
someumes  hear  ihe  tiuesfion,  If  lower  forms  gave  rise  to  certain 
higher  forms  in  tb*  past,  why  do  they  not  continue  to  do  so?  In 
the  first  p!(Kit\  the  of  the  higher  forms  are,  for  the  most 

part.  deml.  In  the  w*c(nid  place,  the  evolution  from  one  form  to  a 
v«*r.v  tlifferent  form  letjuirw  the  combination  of  a  great  many  cir- 
puiiistitnwrt  iteling  through  a  long  period  of  time,  and  it  is  not  to 
b*ex|m’tet|  that  nil  theiietamditions  will  ever  exist  more  than  once. 

In  view  of  the  abive,  what  is  the  relation  between  the  simpler 
and  Ihe  i«opp  ootnpbs  plants  tbit  exist  today?  Tbs  question 
can  lio  jtiwwcrcd  liy  a  hypothetical  example.  We  will  start  with 
a  wry  wieient  and  simple  plant  whidt  we  will  call  A.  We  will 
supiHisi*  that  this  plant  gave  ri«»  to  two  different  forms,  B  and 
f  *,  which  were  naturally  very  much  like  tiheir  parent  A.  B  and  C 
were  tetter  fitted  to  their  environment  than  A,  and  in  the  course 
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of  time  A  died  out  and  disappeared,  while  B  and  C  both  survived. 
B  was  very  thoroughly  adapted  to  its  environment,  and  it  con¬ 
tinued  to  exist  through  long  ages  and  is  a  component  of  our  pres¬ 
ent  flora.  Either  C  was  less  fitted  for  its  environment  or  for  some 
other  reason  it  underwent  further  evolution,  so  that  it  gave  rise  to 
form  D,  which  in  turn  produced  E,  etc.  As  a  descendant  of  E  we 
have  a  living  form,  X,  which  is  very  different  indeed  from  the 
parent  form  A  and  very  much  more  complex.  Now  the  relation¬ 
ship  between  X  and  B  is  clear.  A'  is  not  a  <le«cendant  (d  B,  and  B  is 
very  clearly  not  a  descendant  of  A'.  A'  is,  however,  a  <leHcendant  of 
A,  which  was  very  similar  to  B,  so  that  we  can  say  that,  while  X  is 
not  a  descendant  of  B,  it  is  a  descendant  of  a  form  very  similar 
to  B.  It  seems  very  improbable  that  there  .ntill  exist  many,  if  any, 
of  the  forms  of  plants  which  were  the  <iirect  an«‘stor«  of  modem 
flowering  plants,  but  it  appears  certain  that  many  living  forms  are 
very  similar  to  certain  ancestral  stages. 

It  does  not  follow  that  because  a  plant  has  a  simple  structure 
it  is  at  a  disadvantage  as  compared  with  more  complex  plants. 
Just  as  many  trees  are  fitted  for  growing  in  tine  ofsm,  so  many 
mosses  are  fitted  for  growing  on  tr<*ea,  and  many  one-celie<l  plants 
for  floating  in  water. 

Evolution  and  natural  law-  Organic  evoluti<tn  i«  simply  the 
orderly  working  of  a  natural  law.  Just  as  a  geologist  studies 
changes  in  the  surface  of  the  earth  brought  about  by  the  opersc 
tion  of  natural  law,  and  the  Mtronomer  contemplates  the  evolution 
of  suns,  solar  systems,  galaxies,  and  supcrgalaxies,  so  the  botanist 
sees  in  the  development  of  the  plant  kingdom  tlie  orderly  working 
of  the  natural  law  of  evolution.  By  unraveling  the  law  of  organic 
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of  lM(yyp(dium,  724;  of  Mar- 
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Nemalion^  556;  of  !^i4ymphmin, 
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of  i^urrinin  gramini.s^  tnlH 
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Bryahs^  678  ff. ;  peristome  of,  682 : 

and  Pteridophyta,  692 
Bryophyta,  361  f.,  653  ff.;  character- 
istics  o^  653;  and  Pteridophyta. 
684,  692,  694,  696,  707;  sporo- 
phytes  and  gametophytes  of,  737 
Buckeye,  bud  of,  114 
Bud,  119,  126  f.,  176 

Bud  scales,  1 15, 120  f. ;  scars  of,  120  f. 

Budding,  174  ff.,  177 

Bulbs,  109,  111 
Bundle  sheath,  145 
Bundles,  arrangement  of,  in  com  and 
sugarcane,  146;  bicollateral,  139; 
collateral,  139;  course  of,  147* 
vascular,  134  ' 

Buttress  roots,  235,  242 

(kicti,  water  storage  in,  203 
Calamitaceaej  715  ff. 

(hlamiies,  715  ff. 

Bnkmiophyton  pHmaexium,  720  f. 
(kdeium,  in  fruits  and  vegetables,  64; 

in  soil,  214  ' 

CJalcium  carbonate,  36;  ball,  403; 
granules,  36 

<  laknum  oxalate  crystals,  35  f.,  214 
( -alciiim  jiectate,  20,  214 
iMh  lily,  278,  279 
('alhis,  formation  of,  171 
(kilyptra,  666  f.,  676,  679,  681 
(lalyx,  7,  269  f.,  276  f.,  296,  298,  302 
(kimbium,  134,  137 ;  activity  of, 
HK)  f.,  164;  in  anomalous  sec¬ 
ondary  thickening,  172 ff.;  callus 
from,  171 ;  in  CycadofiliccdeSy  771 ; 
formation  of,  158ff.;  in  potato, 
201;  inroot,  226f.,  233f. 
(kimbrian  algae,  823 
('ampfopteri$  BjdraliSy  834 
(  •anna,  30,  197,  284 
Capsules,  3W,  303  ff 309, 314  f.,  317 ; 
of  laicteria,  374;  of  BryaleSj  679  f. ; 
of  Funaria  hygrometricay  681 
(kirbohydrates,  composition  of,  21, 
57 ff.;  in  phloem,  154;  in  pro¬ 
toplasm,  21 ;  as  reserve  food,  57 
Carbon,  in  carbohydrates,  57;  and 
decomposition  of  cellulose,  384  f.; 
needed  by  plant,  214 ;  in  proteins, 
21,  62;  in  respiration,  75;  source 
of*  10 

Carbon  dioxide,  and  photosynthesis, 
5,  48 h,  52 ff.;  and  respiration, 
71  i* ;  »urc6  of,  2 
Carbon  monoxide,  in  photosynthesis, 
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CarboEifaroui  period,  370,  827  ff. ; 
CpccuhMicdm  in,  760 ;  Equmiinmie 
m,  710,  716,  7»;  ferms  in,  746; 
Lympmiinme  in,  721,  7W  ff. 
Camiwrons  pknti,  §§  f . ;  lem? «  of, 

tc^f.  ,  „ 

Carotin,  in  626 1  In  oydropiifili 
.50;  in  fmiU  and  ve|etahIo«,  tM 
Carpel,  277  f.,  784;  of  angiimp^mn, 
8141.;  of  Cayimidis,  8IH 
Caipospores,  of  red  algae,  662  ff.,  666 
4»' 

Caiyowift,  301 

. 


Ohiorenr.fetyTOft,  33 ;  oowttactnftMi  Af 
§1  ff,;  in  mrtm,  131 ;  drying  a/ 
07 ;  eifeot  of  aun  c»,,  M ; 

U;  3-lf.;  md  txwM^ 

tion,  w  f. ;  itfui  vein,  40  ' 

474  ff.,  4iH 
Chhu^mium,  422 

(liiorophyll,  m  cliloropliiata,  M;  m 
f, ;  no  grtt'iii 

413;  m  !,iim$miit0n,  724;  anj 
phitmynthmm,  5,  3, 52 :  in  ptanta. 
m ;  III  rtHita,  2»i,  xm  ^ 

(1doriipl?iat*,  26,  |lf>;  m  mrtm,  iSl* 
of  472;  ill  femi,  i§2;  ^ 
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Coconut,  126,  155,  312,  322 

■Cmkmirum,  3S4,  482  f, 

Ci^enoc'vtic  485  ff, 

Cd>Sim  md  nist^  §44 
Colitsiom,  157 
CdiMhade,  451  ff. 

Col(‘0i>Hif'K,  phottvtrupic  responses  in, 

188  ff. 

Collatonil  hundles,  139 
CoHertive  frvii(a,  29-1  ff. 

C-ollenchyrna,  37  ff.;  of  cortex,  129; 
in  ryltnder  fttnn,  1,52  f.;  in  four- 
comenHl  stcnj,  ISO  f. ;  fimotion  of, 
133,  148;  in  Icnvea,  I,S() 

Q)n«)i<ial  diHwrsion,  21  f. 

Ck>lioi(te,  22  f.,  68;  hydwtion  of,  82: 

and  iuibiliition,  H5 
Ctdmmia.  S«t  Taro 


Coloniid  Rrw‘i»  algiie,  431,  437,  477 
(lolor  inherit  iktnre,  33S  ff. 

Colunielta,  ,W1,  571 ;  of  .4nlli/)fero*, 

Companion  ••dis,  I3tl  f.,  7S8 
(\>mplementary  factors,  34S  ff. 
CompatiUtr,  59,  2H6 
Csimpound  leaf,  42 
Qinreplarles,  543 
C<mductinK  system,  40  f. 

Om«,  of  Cofu/miies,  798;  of  Cor- 
daftahrJt,  7m ;  of  C««Kf«»a«a,  782, 
784 ;  of  t'ifrm.  760  f, ;  of  pine,  800, 
804  f.;  01  WiUiammia,  786;  of 
WiUmnmmufUa,  787;  of  Zamia, 
760  f. 


Conidia,  684;  of  A*mn^»k*,  S98; 
of  A»}mmUm,  610  f. ;  of  Bamdio~ 
mvcHtM,  619;  of  Fmiattium,  011; 
of  powdery  mihtewa,  611  f.;  <rf 
693  f. 

Ccmwiophitrwt,  W4,  SW;  of  dspsr- 
inliiHi,  610 

CmiftrattM,  795 ff,;  alteraation  iff 
Rtmemiteni  in,  «CW;  distributteo 
d,  HtO  r,  j  Urawii  of,  m ;  m  Meso- 
mm  perkKJ,  833;  rwlnlitmabip  df, 
i^sirwtjEl*  of,  7M;  8t«a  <rf, 


OwifwMW  foKtrtn,  246  ff, 

466 ff.;  reiatiwuibip  rf, 
473,  4W  f. ;  iWftd  Immyekei,  692 
(■«»|w|BH#!d  wroienw,  m  f. 
tJniijuiMItw,  klemt,  470;  «rf  Spin- 
fyra,  469 
CWl  tm-,  164  ff. 

CmAtidlm,  787 ff.;  iiiiii  Cmiftrdu, 
791,  8IU;  Md  CuetdMmim, 
TBO  f.  j  ud  tMnigedm,^hfSSit, 


CoTdycepa  militaria,  614 

pbellogen, 

Cor^’,  ®®"®  ^y> 

d,  231;  hy. 

»  inheritance  in, 

Xo?!  pollination  in, 

281  seedling  of,  321;  starch  grains 
^  of,  51 ;  stem  of,  144 
Corn  smut,  646  f , 

Corolla,  269,  276  f.,  286,  296 

Cortex,  128 ff.;  of  Euphorbia  tiru~ 
^  ,  passage  of  water 

t^ugh,  211  f.;  of  PsihpkytdeBy 
roots, 

219jBf.,  223ff.,  236 
Corhdum,  621,  626 
Corymb,  279 

Cotyledon,  127  f.,  307 ;  in  germina¬ 
tion,  324  f, 

Cretaceous  period,  370,  833  ff. 

Cross-over,  344 

Cross-pollination,  279  ff.,  358,  360 
Cucumber,  278, 306 
(Jumrbita.  See  Pumpkin,  Squash 
Cultivation.  218 
Cumulative  factors,  347  ff. 

Cupule,  of  Lyginopteria  Mhamia,  776 
Currants,  ana  rusts,  643 
Cmcuta,  67;  haustoria  and  host  of, 
68 


Cuticle,  of  epidermis  of  leaf,  32 

Cuticular  transpiration,  86 

Cutin,  20;  in  epidermis  of  leaf,  32; 
eifect  of  on  transpiration,  93 

CttHeria,  627,  531  £ 

CuUmaks,  531  ff* 

Cpwlocecifg,  779 

C^coiMeSf  779  ff. ;  characteristics  of, 
779;  and  ContfercdeSf  810;  jQIagel- 
lated  spermatozoids  of,  807;  fossil, 
781  ff. ;  origin  of,  780  f. ;  pollen 
tubes  in,  781 

Cycademdm^  782  ff, ;  and  angiosperms, 
820;  strobilusof,  782  ff. 

Cycc^JUicahSj  769 ff.;  and  angio¬ 
sperms,  820;  characteristics  of, 
769 ff.;  and  Cont/crales,  810;  and 
Cmdaitcdm^  ^f.;  and  Cycaddlea, 
7^;  Devonian,  826:  in  evolution, 
842 ;  Lyqifwptem  (Mhamia^  776  f . ; 
rdattonsnip  of,  776;  reproiduction 
of,  773  ff.;  habit  of,  777 ff.; 
items  of,  771  ff. 

Cymdonhytes,  781  ff.:  in  Cretaceous 
period,  835:  Cycadeoidea,  782 ff.: 
Wmamamm^mt 
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■  Cvcaa,  757  S.;  altewatioii  of  genera- 
^tioM  in,  768  f.;  distribution  of. 
810:  leaves  of.  781;  male  pro- 
thalius  of,  764  ft..,  p;  '*'-ule  »  . 
762:  seed  of,  766  f.;  sporophylls 
of,  767,  759  f.,  762 
Cyme,  278  „ 

Cystoliths,  36  f. 

Cytoplasm,  23,  292,  329,  4t)t> 

Dahlia,  235 

Decay,  in  trees,  174. 176 
Deciduous  forests,  243  If. 

Deciduous  leaves  and  transpiration, 

97 

Decomiwsitiott, 
cycle,  Sa4  f . j  and  aitrc^gen  eye 
Dehiscent  fruits,  3iKl 
Denitriication,  3h2, 3SS 
Deserts,  258  fh  ^ 

Demids,  471  ff. ;  mi  disturoa,  52fi  ff* 
De^oman  period  37tl,  824  If.j 

in,  769;  Emmtimme  \% 
710,  715,  720  L:  Jth 

7(K),729;  po«iWeP«Mito  in,  710 

Diaphototropism,  ISOff. 

Diastftse,  06  L 
Diatoms,  508,  517  ff. 

Dicaryon,  601 ,  624,  629  ^ 

DicotyWem  127 1,  814 ;  rwiilmim 
in  Taacular  bundles  cd,  I W ;  defini¬ 
tion  of,  S2,  307;  of.  128; 

Mstory  of,  81^  leavesof»^b  42, 41 ; 
roots  of,  219  £ ;  item  of*  1 17,  I4i 
527, 539  If*  mt  *  , 

DiffusloB,  of  gsse%  Ml, »  W 1 ; 
of  liquid  iolutioM,  82 1, 89  f*,  213  f  d 
of  water  irajpor,  157 1 
Dilution,  §1;  to 


mpamoe^,  W,  III 

71 1  ' ' 

MfloaoedtSfi  ■' 

BWteM  niiisb«i  ^ 
rnpoimmm.  606  ;  Mim,  W 

DlttioebMid^iW 

I)i8B(imiiiAtk.n  of  8^,  309  S. 
Dogwood,  IW  ^ 

DoateaiM»,339ff.  „ 

DrooeMno,  setsoBdaiy  tWdk«ataig  In, 


Earth.  J4i:e  oj , 

KrUmtfiius,  ;V*!T  tf. 

Km*  ul  7,  331;  ux 

tivuh',  272.  2VJ 

Eggpl-uit ,  4 ;  tit  fwer  <  if.j; ;  Imf  3^ 
V't-.'ir,  ia*i,  2S5 
Elfin  252,  255  f. 

Kliu,  hr.Hiif'li  III,  riU 

Khkn  rnhnd^  m  if,  :i|h‘X  I7H 

EloiiKiitioti  lit  20s 

Kiiibr\u,  7,  292  f,,  HttTfl;  of  Cjicmt 
Tf'rfi  f. ;  <4  piiit*,  HU7  ft. 

Kmhry.i  2U|  f.,  »w,  816;  cf 

ofi'liid,  HIT 
5b5  f, 

Kiniilftnni,  eii«iifi«iid,  22 
Efidiriirp,  29-i  302 
KiidtHteriiii*^,  120;  m  roiUw,  220  ff, 
Kiidu«|«’nii,  2*Jl\  ^I7»  HIT ;  in  germb 
!u!  inn,  324  f. 

Eildw|»*rwi  ttUfl*  113.  202,  HIT 
EnduS|H*rrf«,  37ii 

HI  biirtma^ 

37T  ft. ;  ftMitii  fill 3, 1^1 ;  ill  gemdfia- 
tion,  323:  m  ht4<T«4r*qdnf  pliifitej 
07;  111  liffiitg  wiilrr,  1511  ff.;  ana 
|ilnitn»yiithe.i4i3.  M,  54*  56;  from 
wpinifpHi,  75  I, 

P«lcr*d«5n4wi  MiHUfi.  43 :  driiqmwxffll 
frtiwii  Ilf,  127 ;  fluwer  of*  2fCI;  li^ 
of,  55,  lUI 

BffSmMPpkihmimif,  5951 
Kiii.yiiw«s  tu  rlm^rn^^  611 1 

tn  digetiiHii*  tIS  1 ;  priiiliifliig  pig- 

ffifiili,  :i47 
MiiMm.mii. 

Epkbrmm,  3m  1,  t2, 95;  of  mn 
m,Pi ;  fwttdicm  of,  HSI,  llf#;  of  leafi 
32  fd  pf  ?l»;  J 

iiMtt*  211;  id  ttem*  1281; 

olM  ^ 

Ipiwoow  §i$wm  27S,  ITT 
Kpitilflir  plaiite,  III;  iMWia!  w»t* 

m:  III  m; 

»cl#l  lwi¥wi  of,  I  ill  waf4»f  iter- 

III,  1.  1411 

1»  Itefunwn  j>«r«*d,  S»J 
to  TnswtP  i»riod,  Kt'i 
jRfttwh'fWMr,  «4HI.  7W«..  Wf  «»d 
im*m,  74a  t  mii  li^tt)>*>dium,7M! 
wdfct»«abiji  »»f,  TM  t. 

allwt»H»ttof  fw* 
»»,  7 1 5  i  jpfMlWltBl  rtf,  713! 
■  gpwftoytoiwf,  713 

Krffti.tii,  ;itt5  u. 

144^ 
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Elioktiiin,  imH. 

620,  629;  and  il?x- 

rieularmhxH^  6)37 
EufalyptUH,  41,  825 
Eudorina,  433  f. 

EugUim^  4(Hi  409  fT. 

Euphttrhm,  107 ;  llowfrinK  of,  182 
2H2 ;  habit  of,  196,  2t)0 ;  latex  tul)6B 
of,  Ml  f, ;  ntmi  of.  196  f. 
EuHiM^ranKUifi^  fenm,  74H,  750 
K%'apon0ioro  ofTect  of  on  dimribiition 
id  pUntH,  95  f.;  and  light,  182: 
mte  obthOKM.  ' 

Kvoliifion,  KIOfT.;  of  green  akae 
499 11.  * 

Exerethm,  24 

Etenrmit  branrhirig,  125  f, 

Extvfarfh  2141 

VsXplmivv  miTininkttw,  317 
EyeK|Hft,  in  Ehktmptkmumm*  415 

•»p;  ia  green 

423 

Far  tow,  335  ff.,  1FI5  C 
M,  363 

Fiweitiinm,  184 

Fiitit  and  tiik,  in  baclerk,  374;  in 
hlwe-greini  nlgjuv  MH;  in  brown 
hIkiio,  fi2fi;  m  i  Enm^phtm,  5i0, 
522;  rcnnirtwition  of,  iHf;  energy 
from,  i2l;  osniiniioii  of,  60:  in 
9r».»ftf|4ii#ni,  2M  m  tmm  food* 

57 ;  III  61  ff, 

IViifbrry 

IVrwi,  362,  ff . ;  ftfitberidium  of» 
691 1.;  wrliogotibira  of,  OiSb: 

ft!#*  WHf, ;  fwtilisiitittll  of,  til; 
Filirirw,  m\  741  f.|  biitory  of, 
^**^^^* 

til6l :  III  priod,  W ;  pro- 

fbiilltii  id,  tlil  wtewblp 

tif*  752;  r**ot  of, 

«r. iWi,  tmii  mm .*r,  to- 

Iiln-tt-  uf,  mt,  mn.i  ntefe  of, 

iVfidtiy  Ilf  mtii,  m%  »ii 

7,  mi,  m«., 

tif  ilii|  ittd  elw- 

mff 

iW:  of  t  mm,  Wt  li  of  foma, 
W  t. :  trf  Htpe^ieot, 

(M ;  of  IgmfmtttfiML TMI.i  tit Um 

Um,  wmn.it4  746 


prop  roots  of,  231 

ftam  Oastica,  cystolith  in  leaf  of,  37- 

242  ’  stranglmg,  230,  232, 

Fikment®’  ^^Kae,  555 

1 1  amentous  algae,  441  ff. 

Mms  of  water  in  soil,  216 

aJ*^,  -438;  of  bacteria, 
^73  :  of  flageUates,  407;  of  spore^ 
ofspermato- 

zoi^  of  Gtnkgo,  795 
x*lapllate8,  characteristics  of,  406  fF  • 
^J^;5“tion  of,  412;  relationship 

Flanges,  149,  161 
Fleshy  fruits,  301,  312 
Floating  plants,  106,  261  ff. 

truit,  294  ff, ;  function  of,  6  ff 268 : 
g‘°at‘o»of.279ff.;  structure  of! 

Flower  stalk,  277 

Boliage,  of  coniferous  forest,  246;  of 
2««.:  of  ™. 

Follicle,  300,  315 

;  human, 

63  ff.,  388  f.,  547,  616,  631,  637; 
storage  of,  57,  132,  200  ff.,  236  f. 
temperature  during  storage  of,  181 : 
transportation  of,  132, 136, 138, 154 
Forets,  coniferous,  246  f.,  248;  de¬ 
ciduous,  243 ff.;  elfin,  250,  252, 
/55t.;  mangrove-swamp,  264 ff.; 
monsoon,  254  ff . ;  mountain,  248  ff.* 
253;^  ram,  237  ff.;  xerophilous, 

Formaldehyde,  in  photosynthesis,  49 
of,  365;  of  dgae, 
S22  ff. ;  of  cy<^,  781  ff. ;  of 
minme^  716ff.;  formation  of,  364  f.; 
history  from,  368  ff.;  of  leaves, 
364  f.;  of  lycopo^,  740  ff.,  826; 
mture  of,  2m  L :  Ptot^zoic, 
403  f,;  m  classification,  363 
Four-oklock,  stem  of,  172;  color  in- 
h«itan<»  im  335  ff . 

IVottd%  of  Fikmme^  746 
IVnctc^fiS 

Fruit  wdies,  of  Anthurm  hromdL 
6Si;  of  AmmytMmt  598:  of  Bar 
ddimycdm,  621  ff.,  633  ff.;  of 
and  Pmim,  597;  of  H- 
651  f. ;  566; 

of  Pp^^mm  m$mmf  w 
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FucoliSf  526 j  543  Hn  549  f* 

526 

fS,  fffif’sTOff.; .  with  » 

liAens  '649  f.  *  bird^'S-Bfjt, ,  Mil  i 
bkck,  615  f.;  bracket,  62t); 

of,  578ff.:cup,W;cv^^ 

582 ;  and  galls,  1H4 ;  gdi,  62.1 ,  inv- 
portonce  of,  577  f. ;  in  myonrrhaa, 
70S.  724;  reprodxjction  o*.  .on, 
rust,  638  f.;  in  wiit  218;  stmk- 

Funiouius,  272,  287  ff.,  292,  298  f. 


GalHi84  .  raft 

Gametangia,  629 :  (>i  Rhtom.  m 
Gamete,  337;  defimtion  <»f,  339, 
purity  of,  kS;  ia  reproduction, 
JU,  418,  420,  4*^ 

Gametophyte.  546  f.,  654  f.,  658  of 
angio^rms,  815  ff. ;  of  Bruophuiu 
and  Pleridmhyta,  737  ;  of  cycatla, 
7^f.;  of  Equmtum,  711 ;  of  fom, 
690  ff.;  of  ffnefcto,  813;  of  imu», 
739;  of  livCTWort.  870;  of 
dium,  723  ff. ;  of  in<«,  674.  679  f. , 
of  pine,  804  if. ;  of  PfemtopAyto, 
684;  of  Sel^mUa,  738;  of  Bptr- 
moiophyta,  763  ff. 

GasteromtfceUi,  621,  631  If. ;  types  of, 
632  ff. 

^{Afarcfwnfio,  661, 643  f. 
GtoetioB.  SeeBreedmi 
Genus,  14. 363 
Gedi^dcal  ems,  367  a. 

Qeotropiwn,  IW  f.  ,  . 

Genninating  seeds,  reepimtkm  of, 
77  f. 

Oeminstlon,  ooodltion*  for,  822  f.; 
definition  d,  318;  in  inimgnivrs, 
266;  ofoo<more,453  ;  proow^of, 
^  ff, :  rest  period  before,  319  n. 
Ginger  pknt,  rblsome  of,  199  ff.  ^ 
GiJ^,  ns,  m,  792  y  <lagellnl#d 
^mtosolds  of,  807;  seed*  of, 

Omkffooki,  792  ff. ;  Cretawous,  836 ; 
M«Se.  m-,  rthtumUp  of, 
796  f. ;  reproduction  of,  793  B. 
GUdeni,  149 

CWBng,  171  ,  . 

CHands,  14®:  foedimj  «ffl  bsim,  47 
07osoe(i|wa,392,396,400;  mrvgfnm, 

OUmfUm  thm,  8Sl 


Glucow’,  .58;  proiiucl  nf  phufoRyn- 

thfjBw,  411 

Glywgnu  ill  374 

Gnriftirs.Hl  1  fT, ;  aiitl 5iUgiHi«i«‘rm8, H20 
(fnriumr  HIO  f,,  H!3 
Gimclwana  Laud,  Kll 
(hmiunh  431  IT. 

C  LamcLufrici*  at»l  ruHl»,  I>I3 
(kafting,  IT4  !!, 

Ckiiirfniit,  Ita  *i7n.  IHIH 

1117, 2>^L  |«di»ia!ii«H»f,2HI  ff, 
GrMi^laiiiL  *51 1  ff. 

Grawl,  215 

Ctrwii  iilgac,  413  If, ;  :md  r  *kriimphgu, 
fgWi. ;  of,  5111  ff.; 

i^vidutiofUfC.  tlHl  ff.,  Hi2 ;  III  lifhcBS, 

Mil;  III  Fiilriuvnc  H24;  rc- 

pnnluftimi  of,  423;  mmwiiary  «L 
4ilK  If. ;  ty|K«  of,  415  If. 
ikowiiig  ffoiwt  of 

Growth,  mtil  rximml  fmiore,  1711  ff.; 

gmiid  |«»rioil  of,  in  prula- 

;  of  room,  2t^l  If. 
ikiiird  ci4t«,  of  wtoiini,  M,  117  ff* 
Vmwih  117.  12L  'illH 

itki  ,  ^  . . 

LL  3f2L  3711.  75111.; 
Vmmfmtk.i,  71^1  ff.;  kmimlMeM, 
imk;  7711  ff. ; 

fiimim,  'WJfl;  rpmn,  7m  i a 
(‘Hnk§$mk»^  7112  rf.;  HI!  ff, 

of  imu\  ;  «t  ^5pir- 
TfrI 


Mit  I® 

tubmum  ^ 

rnmmmm,  mil  «*t  mi  a 

©I  eimmm.  til  f - :  tftmi  fwlkn  itib« 
f$l ;  nf  ri 

iii«d»  tn 

ilwiiwwid,  ItH  f 

Hml,  mi  hh»^  ilgtin  4IMI;  «• 
ififiwii  t»;  Aft®  gwwtik  W  m, 

llf4i*itfopii«,  tm 

w  i.,  ttii,  iii 

lltwil^iniilil^,  l§  i* 

Vi 

Bm  Liww^ 

Mwritty  wd  norkm J»  «■ 

liArtifi*#  3fii 
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llftercjlropliic  §7 

HetpnizygouH  iiuiividuai,  339;  self- 
f«'rtili7:a!b!i  iis,  359 
27l\  274 

riiium, 

I9»m«dhallir  591 

Hidividual,  339;  ml!- 
ftTfiir/.atiHii  ill,  3511 
!IcHtk«,  im 

and  gniwth,  ISH  ff. 
liimuii,  7tll  If. 

t2ll 

liomTiidiHb,  359 
llorwIawK  352,  719  ff. 

Umt,  12,  flH  f, ;  of  mm  fxIS,  Ul  ff. 
IIiiiiiiw,  21 K 

IlyhridH,  337»  352  f, ;  vig«r  of,  357  f* 
llj/flfiMW,  ti22  k. 

Hydration,  of  rolloitK  23,  32;  Ib 
fhli»rfiifhy«iii  fidia,  ISt^ 
|||/ilr<^«li4“’9|oa,  4hiI  f . 

HydrogiB,  »»tirfo  of,  Ki;  in  imdoiiw, 
21,  52 ;  III  BaoyorV  49 ; 

in  farlHibyilmfru,  57,  tKI ;  iti  roapira- 
liofi,  75 :  iiM'dinl  by  214 
llytlrogoii  Millidts  oxiikltoii  <if,  37H 
llviiroiihvtrii,  HI 
Il|ir«ni#k|/*oo’t,7l9,72l 
HyfiiriiPiiii,  of  4sroiti|ifrlw,  59H;  of 
iMdmm,  TiiMl ;  of  ftiuitlirotiriidHM;  ef 
iijimtmnnymm,  tl2l  f, ;  of  ifmimp- 
mt ;  of  lifliw*  ftfd 

i7il  §4  Mid  (kmier^h 
?iiyrrl#A,  tkil ;  |♦l1fIl^lry  byplttn^  of, 
iVSi;  li^rottfijiry  of,  §24  f,; 

ff^rttary  liyiiku’  «f,  WM;  ilipitatt, 
,  aitfl  brttrkfl,  §23  f* 
Uyphm\tM;  tlHi  f, ;  of 

hpJmm  m\i  wmmff  nl 

iif 

If pfifiiimyrrte,  1124  f,;  t#i1iiiry  of 
llfwirttiimyrrf/j,  §2? ;  of  P0rmmp^ 

Ilfpiridvl,  ll2i 

lltiwrf,  27S,  Wf  . 

illli  , 

liiiiiiiifiity,  31^7  f. 

Itif R  i, 

IWw»4^f*ft“  !filil#|  ,  , 

iwIVflflf  i*Wt,  'Ail 
I  f I wif wf^  27^  f» 

SIftf, ;  ifiiiiifl,iwfir^  lithM 

l#affW  Pf  ^iwfwncfWi  ifwp  ^  PI  fcWv 

imm  irf  Ml  f. 


iBorgaoic  salts.  Sea  Mineral  salts 
Insectivorous  plants,  69  tf. 
insms,  causing  galls,  184;  as  food, 
cAt  * ' ,  ^‘f^to7mphthor<xceae, 

595 ;  hosts  of  LaboulbmialeSf  617 : 
and  pollination,  280,  283  f, 
liitegumeatSj287 ff. ;  of angiosperms, 
515;  of  CycadoJUiccdeSy  774;  of 
Ujcm,  707;  of  Ginkgo,  793  of 
^/>crmatop%to,  754;  of  Stephano- 
$p&mum  ukmioide$,  775 
Intercalary  growth,  US  t 
In'temal.glands,  142 
Internodes,  117  f.;  lenticels  on,  121 
Intranioleeular  respiration,  79 
Inulin,  59 ;  spherocrystals  of,  69 
Invertase,  66 
Iodine,  in  starch  test,  52 
Iran,  in  fruits  and  vegetables,  64: 

from  soil,  214 
Irregular  flowers,  269 
Irritability  of  protoplasm,  25  f. 

738,  739  •  gametophytes  of, 
739;  sporophyilof,739 
Isogametes,  414,  418,  421 
isthmus,  472 
Ivy,  roots  of,  231 

Imfftmamides,  659, 668  ff. 

Jute,  161 

KsJe,  flower  of,  269,  275 
iCaryoipnph,  326,  328  f. 

Kelp,  5261.,  587 1 
KoU-mbi,  201, 2^ 

617  ff.  ■■  ■ 

5^6  fn  W 

517 ;  dmigwu,  537 ; .  me- 
i  ■ 

Mwmmf  in  Cr©tiM»»'Uyi  period,  834 

hmh  39  f. ;  of  l«ida, 844;  arrange- 
m«nt«ilem»I2lf*:  of  itiarwylon, 
7W;  of  Brpto,  mfi.;  of  Brv-. 

'653 ;  -of  CdamMm,  716  f. ; 
of  819;  of  Cmifmdm, 

147,  W:  of  Cmdmiakt,  787;  of 
CwadMm,  7^1  of  CmtdofiicaUii, 
771;  of  Cwas,  768,  769;  ^idu- 
00^97:  ofdteotyWons,  128;  and 
Sxtttmiu  eonditions,  184  ff.:  ftdlof, 
171 ;  of  ftwa.  688,  699,  745 ;  fwc- 
ttaa 29, 102;  ^GW^ooto*.  792; 
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of  ‘^11;  h*»f 

pIaniH»  115;  t>f  7llU;  <4 

L'fpidfHkitinm^  742;  :«id  Iirfif,  54, 
55;  721;  uf 

Ltk^^imiium,  723 ;  tm  idifiraf  u  <  4’, 

HkL;  motilo,  114;  phtdowiitlie.mK 
in,  4Htl.;  of  pint*,  TtMl, 
of,  111);  of  Psikphtjtak*^,  7IMI;  t4 
Pdk)laii\\  7t)8 ;  wi!  !i  rust ,  543 ; 

soara,  119;  mnniiukry  in, 

174;  of  Srhgimikt,  729,  7^iil,  731 ; 

4»f,  42  ff, ;  of  *^'ifil5irw,  7 13 ; 
apeoialiml,  1021!.;  Spkifnunh 
676  f.;  of  *<phrmipkiiikmM\  720; 
stardi  t4*«t  in,  52;  "tnwwipiriitMtii 
(mm,  85  ff.;  trkhomes  tif,  44  1!.; 
veins  td,  39;  water  eoiitent  of,  itll 
IjeRiune,  *MWl 
Ijentied,  121,  169  f. 

L^pkiinlmuinm^  740,  742  82tl 
Lepto»l>«inmgiatf  ferim,  748,  750  f, 
Ij<*ue<ipli«t«,  26 
Uctem,3fr2,4CK),lkl8lf. 

Life  plant,  Imf  of,  109 
Light,  effect  of,  M;  iiml  gniwth, 
182  H. ;  am!  photii^syntlimii*  MK  m 
lignin,  19:  in  traehmck,  135 
Lignie,  of  739;  of  *8fl«#irii#i| 

Lily,  m,  274 
Lima  bean,  307  f.,  3*A) 

Lime,  41,  203,  2f», 

Liii4«a,  1‘60  f*,  SIS 
linftW:  teftv«,  44 
Llnfe,  326 
liakMi,  SISf*  ■ 

"lipWt.'Si 

212,  W'E, .ffiL.'tolfi 
669:  and  m&mm^  674,  6»l;  anil 
F$thpkgkth«,  rm 

Lumbang  nnt,  etlli  of,  12 
740 ff.;  J>ef<mto,  826;  odfln  tif» 


728  f.;  Tr»88iB,882 


Lycopodiimm,  Mft,  721  ff„  72»,  7S2s 
an4  740 

Lyeopodittm,  731  ff. ;  aitemtjon 
gmr»ti»m  in,  720:  juRMtopfevt^ 

Mumh,  7TO|  TTSff,  ,, 


iti  fort ili nation, 


Male  nndei,  287 
:i11,  337 

MHiigrHve'mvHinp  CumP,  2tV|  f! 
*\fapl«\  310 


ifufuireimn-,  7,5il  ;  syiiaiigwi  cif,  776 
^^1^2  ft, 

t'elatkm- 


,VurrLi?«yiolM,  i;5vi,  frfVif! 

ship  iii,  titvs 
Mnrigelib  2hiI 
A\f»nne  vegefnlittn,  261  f, 

Ifnntim,  749  ff. 


!^Latini!nut,  III  pwif »  2tlK  f, ;  in 
I7H 


ill 


.\|t*eloifir:il  I4H  L ; 

1511 ;  III  L^l  ff. 

4 13 

of  fti»il  Iyfirt'«Kk 
740;  it! 739 ; 

7321!.:  ttf  i8|w?;ui.e|iAyto,  754 
of  fonml  lye 

Of  I»'fr 


wffe,  of  fonml  lyeoficKk  740; 
ictrifs^  739;  nf  Id^pijimiemirm 
^rMr$mimum,  742:  of  nrelkL 
815;  of  *\VI<f|ri«rllii,  732  f.,  Trill;  J 
SpfrmiUuphtiiii,  754 
Megi4«|if»ro|ilivll,  of  Srhgimik,  732 
Mdoiin,  332  n.|  Sill 
Melon,  ;iiKf 

npm- 

tniis  of,  Kl  f, ;  pfiinfti,  HI 

XlkB,;  iippliratioii 

350  f. 

392,  4?I0 

M«ri«U*m,  118,  Ittt;  c»rk  from,  l«j 
to  r«Mrfr»p,  'JOft  f. 

MiwoTfUK*.  few.  302 
Mwitoytwi,  I!  t. 

387;  Vyradtiin  In, 


779 ;  «!yr«il»j*hyti<*  «>,  7H3  ff , ;  Mqui- 
to,  7i5;  f<™,  in,  74K; 


ffura#  i»f,  832  ff. ;  ihnJtg/mta  to,  79*1 
Mtonlmlwm,  24,  81 
32«,  3'2W 
Mcteylrm,  Ulfi 
Mii-tmmmMlmumtMl 
MicirwKiiifwtn*,  443 
Mtomnyte,  28*1  f.,  »1  ff.,  31»l;  «f 
81 »;  ut  Cyem,  702; 
t>f  7M 

MittwipiwwigM,,  of  fiiKBttI 

I  •PI  I  W  III 

■■  ^7®.  4  ■  '  ' 

m  lywifwpWi  f^#i 

of  72»;  «f  itmprnMa,  7#2, 

T.'si: :  of  .’’■.•it"  .‘V  a;  ’,”51 

j  7SI 

1 1 
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Miciril>,  of  leiif^  30;  croii  «tkiiri  cif, 
3,H  f. ;  funilioiw  of,  37  ;  of* 

37  ■!!,: 

Miikwo'tni,  fruit  ;inti  w.tni  of,  :iri4,  310 
Aliilff,  riw>t  of,  'iOK,  210 
Miiimi  itOf^orhoil  !iy  n)ot«,  204, 

2I2f.;  2]3f, ;  m  pr<H 

topliHOi,  21  ;  in  I rniwpiratioii,  HHff* 
Mints,  ISI 

Minufp  3iHi,  317 

IVlifosts,  320  ft, :  ill  hn.iwn  aIgfM\  525 ; 
in  rtni  iilpiv,  550 

MiHiifinit lurw  of  «tr«rtnri\  arimimL 
04  f. ;  !l♦'ro^^l!n^y.  01  f. 
!^lon«M’ofyI»‘iiofiii,  32*  127,  1107,  K14; 
flowers  of,  r2H:  i^orminatinn  of, 
321  f.;  leHVofiof,:i2,  i2S;  nmf,«  of, 
205,  210  1!.;  «fm  i»f,  I2H,  143  ff., 
201 ;  m  204 

Molnmnoiis  ftliwifu,,  275 
13 

Moiis*Hni  forofi|«,  251  ff. 

5!twiiiWorf,  T’lH 

111  c>r!i,ir«»iw  K3I 

Moriilioioi^intl  rhitiigos,  IMI 

Umm%  252,  *172  ff. ;  inittn^rnlkim  of, 
tliK ;  iirflw*Koitiiim  07lf  L  ; 
loftliyfo  Ih*J  :  |w*rwfoiiio of,  0H2 ; 
of  iit  |4tiiil  kingtloRi, 

Motile  III  f, 

Uimnimn  Vf*«oittftofn  2IH  ff, 
MtfVruieiif,  of  Oarterm,  373;  of  hhr^ 
umm  liigae,  aOH;  of 

521 ;  «»f  4117,  411,1, 

41 1 ;  of  Immm,  114;  lif 
♦Wf.;  |4ioioiro|iii%  fmito* 

phmtt,  25;  of  Fdw,  42a 
Milllwflty*  |*y#r  df,  I7i; 

kiili  til*  IIP;  friiit  of*  *14.  W: 

Hit 

ilfi|ti|4i«iii*ifi  «|  Ii4rli»f»,  37|| 

lltf;,  ilfl 

ff. !  »»»4  AnihuemitalMtWO 
fiW,  «ai.  «a>f.j  hy. 
awniiim  nl,  «ll»i 

WIf.;  phnsmrtMr 

M0i-. 

a“tt:  irf 

;  t4  |».*w4rry  iniWw*#,  «l  I  j  <rf 
^  W«;  *»C  ifa}m> 

^  ‘  mftil 

'  '  .  ,  i-. -i  »  *!.►  .  .* 


Hectar,  283 
Nectary,  270 

Negative  geotropism,  184  !■ 


-  - -  ,t.^i,uffnnjf  ^QOi  315 

hmmkm,  553,  555  ff . 

nerium  oleander,  92, 167 

r-'“!!0  30,  41,  128 

Ai‘ttl(s  hair  »f,  46 

Nipa  palm,  cells  of  kernel  of,  28 
Nitrates,  218,  379  f.,  385 
Nitrites,  218,  379  f.,  385 
NUrobader,  380 

“  proteins,  21,  62,  381, 

385;  from  soil,  214,  218,  381 

Nitrogen-fixing  bacteria,  218,  380  ff. : 

Nitrmamonae,  380 
Nodes,  1 17  f. 

Non-motilft  colonial  algae,  477  ff. 
Aostof,  393,  397,  401 
Nuwlhis,  2H7  ff.,  291,  308:  of  angio- 
■  swros,  816 ;  of  CncadoMicales,  773  : 
of  f  ?/ms,  762;  of  Ginkgo,  793:  ol 


Nucleic  acid,  63 
Nurlwili,  326,  329 
NtwlooproteiniB,  63 
Nucleus,  23,  326  ff.,  334 
Nut,  301  f. 

Nuto^,  299 

Nutritton,  of  lmcfc«ia,  377  f , 
NMvkamm,  air  mssages  in,  80: 
m  (ietiKwus  period,  m 

ftJk,  from,  136 

0^  47,  le,  »;  of  stinklMOTs, 

fWejNWimlei,  460  ff.,  498 
fiWoffOHjBm,  4^  ff. 

(Mdia,6a) 

Oils,  eaerntW,  142, 286 
Oleander,  92, 167 
Olein,  60 
Olive,  »6 

Onion,  19,  109,  207,  2^ 

OtMpninm,  451  ff.,  468,  490,  604;  <rf 

Ctewywto,  67S  ff.;  AWnmt  583  ff.j 
SapMa,  678 ff.;  and  Zyvmih 

0«S«,  428  f„  463.  464;  of  AJbugo. 
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Opposite  leaves,  122 

Orange,  303;  gland  in  peel  uf.  HO 

Orchid,  capsule  of, 

of,  817;  epiphytic,  5,  10,  22*,  -HD . 
female  prothallus  of,  K15;  »i«.re 
mother  cell  and  megasiKireflof.  hi.i ; 
phototropism  in,  185;  with  green 
irots,  227 
Order,  14,363 
Organisms  in  sou,  218 

Osmosis,  84  f. ;  in  ohlorenchyma 

cells,  158  , 

Osmotic  pressure,  82  f.;  in  Ruard 
cells,  9S ;  in  parenchyma  cells,  148 ; 
in  transpiration,  88  f. 

Outbreeding,  35H,  360 
Ovary,  7,  270,  272;  of  sngioswnw, 
814;  and  fruit,  204,  21Wf.,  .«»: 


OATS'  I  **  -j 

©ciapiiisii 


mt;  d  Bp^rrnMrnhi^m.im 

Omh,  h  272  £ ;  of  (fmiffmlm,  7m ; 

7B2;  of  754  76C>»  Bi  f. , 

devolopoieBt  of^  2i0  ff. ;  of 
79Sf.;  of  jmtmn,  1113; 

of  GprnnmpmmSf  75ij  of  pitw», 
801  If*:  uimcivm  of,  287  fv 
Oxldatioo,  50;  of  00;  for  ger- 
miBAtion,  323;  rtwirtticrti  ^  75 


mimtim,  323;  nMirttioo  i%  75 
03tyg«a,  in  m; 

in  carbohydimtiis*  57,  OO;  for 


OSr:r»oi«^a.io 


Paietwoie  era,  867,  8®  #.;  dwii^of, 
8801.;  Cweaddtei In, 830 
PiJisade  chlorencbyroa,  34 ;  in  knf. 
41, 92;  sjsid  spongy,  91 1. ;  atw- 
ture  and  function  of,  34 
Palmate  Irtd,  42 
PaJw«aa,437fr. 

Palmdla  stage  of  Chkmv^mmm*, 
417,419 

Pidwidteid  idpfctf  437  ff# 

PiaWtet  279  ' 

44.273 
41,56%  571 
PaMfel  ytiiii, 

nmphim  w,  m,  m 


FimwUlf  IH-I 

Fiirpiidiyma,  -fo;  in  aiti>rn:0tm8 
oiidary  tiurknuiig.  173;  i»f  fuftex 
IB*  f. ;  m  tHTirytip  <if  nwt’ 
221:  frutft  pfolfogfii  kyw,  I7f|; 
Mtrortiirr  of,  liS  ff, ;  in  x\foiii,  136 
Ffirwii|y  234  f, 

rrli*  221*  223 

Pillhfigi’iur  fiiMlrriu,  3H6 
Vmi%  277*  :iiri 
ifoiiiiiiti  62*  :iiH.  :i25 
iViit,  fiTH 

Fmiii**  20 

Frftn.tr  |t*af*  42  f* 
l^mmUiump  010  f, 

Pmmiks,  518  f. 
pfiwnmm  prliunda^  115 
Ftwtfotp*iit  2U5  f, 

FfWWiiiiF^,  13 

iVnii!itfi/i75 II.,  2HI,  2H| ;  diinmim. 

Hici  1,81:1 
FitrtmfF,  2!^4*  2iHi 

Fmryw,  134;  iit  220  C.; 

rf,  I3S 

IVriditiiio  Wl 

Iforigyiiotp  fill wrr,  275  i, 

IVniw^riOi  IMIH 
Pmrnmm,  mK  « 

Pmitummn.  d  Awmnprfm^  f#Hi  nf 
612;  wf  Pmlmpmu^  &I7; 
Ilf  ptiwtlrry  iiiil«fowi,  1114 

i^ll  Wfiili  ill  ©f 

Jaiiiiiiw*  61 

Ifolififo,  103;  «f  1.^; 

Iiiaiilrlilf,  102  f.,  m4i  md 

mil;  d 

nm  IfMI;  of  Nurnpkmh  W 

Ptiimlm,  MIT* «» 

Fliw|*l|rriir,  mi  i. 

|4«w|A^te,  7iii  f . 


,  PImmimm  mimim,.  ^Ittiiin  l«ii 


172  f*;  Ilf 

mi  fo  Imt  mmi  171 ;  iwrfiriW. 


writi  twin  III  .IS  I  lit  im 

ili;  iitiii*iti*#rHiyli*|of»*  115 

..  A.  .U..,  «**lii*  ..  ..i 


|ilitil«i«i  116  170; 


Fmidtm  f  2 ;  taw  of,  III'; 

Hoirltta  #fi  # 


fltl|  In  w»ii,  Wi  f . ;  m  wtmm,  PM 
IM,  Wf.i  Ifi/Hi 

*JI»  tt2»  Sll 


Index 
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5,  4Hf!. ;  and  ani- 
iilhIh,  Sd ;  in  brown  algai^,  52t>;  and 
rarbon  4H  f.,  53  f.;  in 

Hdoroiidiyma,  33  ff.,  131;  in  chlo- 
ropliiHt^,  2f^;  in  mnikrn,  148; 
vtWT^y  Hi,  5f>;  in  Bqumium,  711; 
in  fiagi4lat«»H>  408;  m  gra«»‘B,  42; 
in  b-af*,  2‘b  41 ;  and  light,  54;  and 
r«*,s|nruf  ion,  77,  m  t ;  in  ro<>t«,  225, 
227  tl. ;  III  Hft'm,  1113,  Itmff,;  and 
friniHTafnrr,  55  L  :  and  traiispira- 
tioin  Ml:  in  x«‘ron}iytk*  Imve%  246 
Photofrit|»i«ni,  IHfiff, 

Phyroryaniii,  3111*  548,  565 
Phyr’iHTythnn*  548,  5115 
iiiiffi'mtycrkM,  57.H  ff. 

576  'It, 

i'h0fHjifinmmh  726,  7‘itl 
PIt\|lofi4\v  I2t  ff. 

Pti»‘ii:., 

Pin»%  g>  m of,  Hil2 ;  Imf  nf,  71HI, 
Tini;  iiwlf  giimntonhyin  ami  fw- 
tdi/iifiMn  *,f,  ;  <^vii|r‘  iC 

I!  :  iHillfii  Kftrw  of,  >^I4 ;  |KdItiit 
iiibo  i4,  HlHi;  I  wd  I  in  at  inn  nf,  MM; 
protfiailti?.  of,  Mil  !!. ;  rf«m  dnrt 
ifo  t:i*j :  ^n<^d  i»f,  756  f,,  MI7;  vtw* 
tiifivn  Hfrtiiiiifr  of,  71111 
Pin*M|»bh%  IKi  2111,  35  3S0 

Piifnfii%  42 

Piiirijiiii  imf,  42  f, 

Pififiiili^  of  «IH 

IH^lm  P-h  3tl*  2tl3 

I'.ncl.  nj  W«f.,  272;  luw! 

Ifm,  27‘,tir,  * 

(tliiin,  W  H. 

^**»i*,  ('KwdetfiluMm, 

til;  m  219;  vumtioa*  in 

.•)!«.  ..f, 

I'liti  r»VH,  131 ;  i,t 
siry  ilKrkwtjfi*.  I7»;  in  Kiyrtmw 
Jumi,  m  a.j  fwto'txm  nf.  137  f. ; 

ttf,  fm»M  fawbium,  16(1, 
liW;  inwlwtuHitiw,  HHj  mvtM- 

I3fi 

375 

********  ^ 

I'Imm*,  If,,  •If.;  witotmjihk,  68; 

»f,  18  (. ;  tUjmtta  6», 

US  » , ,  irf,  n  W. ; 

l^M^^^^*!^**^***  **' *  oimw  #fi 

:  14  If  ;  i!h«4»**vnttw»»  in.  m  S, 

72  f,,  875 


Plasmodium,  571 
Plasmolysm,  84 ;  example  of,  85 
Plastids,  26  f,  408  f.  ■ 

rlatydarina,  435  f. 

Pleistocene  period,  835  f 
Pliocene  period,  836 
Plum,  275,  277 
iyimule,307f.,  324 
Pocket  leaves,  112 
Pod,  300 

Poinsettia,  107,  141,  182,  282 
Polar  bodies,  374 
Polar  nuclei,  289 
Pollarding,  127 

Pollen,  in  sexual  reproduction,  6: 

transfer  of,  279  ff.  ’ 

Pollen  chamber,  774 
I  ollcn  pins  271,  754,  756;  of  Cay- 
fOTjates,  818  f. ;  of  Cordaitales,  789, 
C?r  ^y<^Mtcales,  774;  of  Cy- 
/f)5 ;  of  ffpflo,  793;  modes  of 

8M  ff*****’ 

Pollen  sacs,  272,  754,  756;  of  Cay- 
lopmhs  819;  of  CmifercOes,  798; 
of  788;  of  CvcadoflC. 

c^«,  773;  of  Cycos,  760;  of  Ginkgo, 
793;  of  pine,  804 

I  ollcn  tube,  756;  development 
of|^l  L ;  of  Ginkgo f  793;  oiigiEof, 
m  Cycmiale.\  781 ;  of  pine,  806 
Pollination,  273,  279  £f.,  804 
Polybiepharidaceae,  421  f. 

Polyporacme,  523,  m 

Polysaccharides,  68  f. 

PoIystele,6W 
Pomegranate,  3(Kl 
»plar,  278 
P<^y,  314 

Poi«fangtte618,61®ff, 

rorjwp,  663  f.- 
Porphyridium,  663  ff. 

Positp  geotroptom,  184 
Positive  phototropism,  186 
Potaartum,  in  soif  214 
**®i**®i®®*l®  57 ;  food  storage  in, 

starch  grains  of,  61,  69; 
tnp-of.  aooff. 

Powdery  mlldewB,  611  ff. 


Primrose,  279 

Ipcaip,  666.  569.  661 

Pj^jayo,  of  Cym,  766;  of  pine, 

iw  H 

jriwiiiy9twOT  MW 


Tiie  Fhml 


Prop  roots,  231 ;  in  Rhizophmh  221i, 

m 

‘  Propimse,  32i  ff* 

Protectioii,  by  rork»  UB ;  by  4or- 
amney,  IHlf.;  by  ltmvt%  112  ft. 
by  TOoteap,  2tM^;  by  PMt,  2<W 
Proteins,  21,  b2;  titTO!n|M»«itit»!i 
SH5;  for  hiimaii  food,  in  pro- 
toptem,  m;  m  tmefsr  imil, 

§l  ff. ;  in  Pieve  tubes,  IH 
Prothalliifl.  3tl2;  of  Ihikmiemirm 
741;  of  €ymhfiUcdm»  773;  of 
CumM,  762  L,  767  ff.;  of  Kqui^tunh 
712 f.;  of  fern,  mil,  fm};  *4 
fossil  Imi|>tKi8,  74<l;  of 
793;  of  (hiHum  fmmtm,  HUi;  of 
hmka,  746;  of  Lumimimm,  724, 
726 ;  of  orrlwl,  H15 ;  of  |nw\  mi  i  : 
of  rtilolnlw#  769;  of  Hthgindhh 

m«. 

FmimKmi€$,  ®KI 
Pr#l#ro«i«i  4MI  i* 

PrmkpMmkminm  prirnmnim,  b2o, 
826 

ProtoMtna,  674  f.,  675) 

RroUiplftstMf  IH,  a)f!. ;  ahi^trption «»{ 
water  by,  82 ;  i»i  tiry  (teeik,  liK ;  in 
aaRellates,  4CH);  w  Kreen  »l|{tK-. 
08;  in  Myxmyft'U'M,  fdWff. ; 
Bugar  far,  67 

Protoplasta,  in  liiafom*,  5l« ;  in  giw-n 
algM,  417,  423;  in  M uiamttettf*, 

ProtoBiptet,  494  ff. 

PiotoBtele,  of  fern,  686,  690;  of 

Ptotoxytea,  135 
JhrotoBoa,  4tl 

Pruning,  174;  wlf-onming,  m 
Ptiditm  gwyKKrt,  117,  121, 2W 
PtihphykUm,  m«.,  729,  762,  H37j 
Devoniim,  824 ;  mmI  tvototion,  824, 
8W,  842 ;  and  IffuMidiiMM,  715)  (. 
Pnlopfcj^TOO,  Wff. 

P^okk»,  707  S.,  729 

684ff.i  4ii. 

tktmroMm  and,  670;  cMMa 
696ff,;  Deatmian,^;  diaciwaiof, 

tf  jptifffttifl-loPihlp plfTOl# f si# 
z  .w)Nf>f^pltyt(6ft  .||p4 
p&y^w  pf #  TwT }  tyyldil  lifu  ©f| 

ill 


Ftilvuii,  1 1 1 
Futimkiii,  272 

PyriiiJi,  tins 
pi.  iU»dio;.|iHros,  luiH 
FvmiM|,|'4,  .|M  f  ,  472 
tilfi  f 

lyfimffh  i  bps  ff. 

|d^rroi  ♦)7t 

PK’i 

I  birr  110%  279 

17,  Itib;  of  frro%,  746 
lt;i*iioi*%  f  ,  :I7I 

fw-r«lls!)|/  mI,  fstb  911  f,; 

ro4  0  mC,  9b:|, 

Ii*%p‘ko,o  II,  |s;i 

Iblill  |uir%t,  Zl7  il 

^r*r,  197,  pHi ;  b-af  af,  IM.  5fi,  1 13 

liafiiifut  41% 

Haftio,  |o| 
liaphidot*.  :ii; 
limphrm ,  27b.  2TH 

iiAf?4li|miiu,  HP’s  P»i7  2:ib 
rh;ifO'!rr,  Illo  f, 

lird  771^11  ,  F,ib%»#i»i*%  H'il 

liegiiiar  2f*!i 

If  ff  ,  21,  of  Allm§n, 

;  jiMnUal  2bH  f  ;  nf  Iwfrfti, 

117$  If, ;  *4  blue  grom  ateur,  397  L  ; 
of  hnmm  iViff;  of 

S'lSt ;  *ff  4IG  f. ; 

Ilf  471 1  f!  ;  **l  fV4i- 

mI  Ftjllrroi,  KltC ; 
Ilf  i^mhrnmki,  773  i  ;  dm* 
Sill  f . ;  of  Ml  i< :  of 

BflmwmM,  &2h  ff, :  *4 

Miff  ;  nt  fiiiipi  fifflj  f’l  ffink§iK 
W3i.;  of  Clll.;  iif 

,  IlftI  f , ;  iff 

idif. ;  by  lowtp  I  Pi  I  ;  «f 
ffmkm,  iSSi  ;  ml 
'§$^n.i  «f  w4  dgw*  kVlt;  of 
,  Mkimpm,  m§  ;  by  tMi 

hf  mmm,  l»*  Ii7 1  4il  fv^nf * 

.  ICif. ;  m  44Si*;  nt 

,  4i?  ff  ;  Iff  I' 

4tl  f .  j  nt  W I . 

t^t  tiff  IMl^  1*1 

it  •  »  . . 

I  *‘  ■,*.*■  1',.  .  .  4  -  ‘  •  ...  f.  ■  •  I'  .  -  , 

tim.  W 1  myim  fw,  79,  MW ;  »i«l 


79, 
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Rluzoisis,  1^53,  674  ;  of  fom,  f>62; 

of  I\Htl(*ph!itnirH,  706;  of  lihimm, 
701, 

Hitizoiuos,  of  A^iemxphm^  704;  of 
('ahimilfft,  7ir>;  of  Equktium,  711 ; 
i>f  foriiS,  746  ;  of  pHihiphpialn^  7<K); 
of  F-silofolo.'?,  708;  rt^|iroduction  by, 
lOlt  107  tl. ;  Htomgo  in,  190  ff. 
iihixupktmi^  norat  nig  nHit«  of,  236, 
2tVS ;  fnop  HHiLH  of,  230,  2tMk  seed¬ 
ling  ‘of,  319 

5H6  ff.,  6|| 

lihiMlophjitn,  MS!!.;  Paleogoie,  824 
ftVji^riw,  7110  II. 

liOVfw,  r^MI,  tHVi;  of,  65*1  ff,; 

siiiii  OtMi  L 

Hietinlfn,  660  IT. 
iiiri%  fit,  64,  35H 

Ruihm,  ihwwm  of,  273;  knf  of,  43; 

h0f*d  of,  307,  323 ;  stem  ISl 
MtiiJfirit!,  392,  39 1 
lioot,  tb  48,  IHI4  fl, ;  amtkm  in,  236; 
of  rnrroi,  234;  (d  climbing  plant, 
too,  201,  231  f. ;  of  dahlia,  233;  of 
dewrf  |>knt»,  2SH;  <if  ferns,  688, 
grot r«>|>min  in,  1881!.;  of 
iii4whfum  rorimiinnm,  226;’  of 
Jtmmm  rtimm,  236;  and  light, 
IN7;  lif  iintngo  kitti,  222,  ^^24  L: 
id  oiiioii,  223;  of  orrhid,  227;  of 


Sapodilla,  14!,  306 
Raprolegniaf  578  if. 

Raprolegniacme,  5^ 

Saprophytes,  12  f.;  leaves  of,  115: 

nutrition  of,  67  f. 

Sapwood,  165  f. 

Sarciiiay  375 
Sargassum,  525,  549 
Sarracmia^  69  f . 

Savanna,  256,  259 

Scalelike  leaves,  94, 115, 198, 246, 260, 
713,  799 

Scales,  45 

Scars,  leaf,  119;  of  bud  scales,  120  f. 
ocenedesmm^  482  f. 

Schijsocarpic  fruits,  300,  302,  310 
Schizophyta,  391  ff. 

Sckrenchyma,  133;  fibers  from,  145  f., 
153;  figures  of,  129  ff.,  151  if,; 
function  of,  149;  position  in  di¬ 
cotyledonous  stem,  151  ff.;  position 
in  monocotyledonous  stem,  145, 
153;  in  roots,  154,  219 
Sckrophyllous  forest,  257 
Sclerotium,  616 
Scouring  rushes,  684 
Scramblers,  195  f. 

Scurvy,  64 

Seaweeds,  261  f,,.  413,  447,  525 
548  ff. 


235;  photosynthesis  In, 
22H,  2m;  of  radkh,  205,  233;  re- 
|irf«liirlion  by,  235;  iiMHutilimi, 
227  ff. ;  itoragr  in,  57,  235  f. ;  of 
«wwl  232*  234:  of  turnip, 

2321.;  of  Wttiiileriag  Jew,  221  L; 
of  yiiin  l«sMi,  235 

im  MM,  231  L 

liaiw,  ff. 

fir«tiwt»  l»,  212 
llia'itoiip*  f , 

iifii«%2Tt  mi 
:wi 

E*#«4tr  rry»t4it»i  3ii 
||«»’tt€f  III  f. 

liiihb^r  tmhhlm  liiliei  of,  III 

liitiitfri.  It?  I* 

IKIM  ff. ;  itittltoi:,  IM7 


Smeimmm  IlM,.  145  i 

51,  m 

in  C'ltdacrfiiisi  |•M‘rM*ti,  W 


fltiimm,  ail. » 
tii,  11? 


Secondary  pith  rays,  164  f. 

Secondary .  thickening,  158  ff.,  163; 
anomalous,  172  f.,  773;  in  Car- 
Ixmiferous  period,  716,  740,  771 ; 
in  dicotyledonous  roots,  226  f.;  in 
leaves,  174;  in  monocotyledons, 
173i  J  ,■,» 

(Secondary  wood,  172 
8ed«»,  1^ 

7,  307  f.,  779;  of  angiosperms, 
814,  818:  of  Carboniferous  lyco- 
pods,  744  L;  of  CaytmMmt  818; 
of  Cmifmdmf  798;  of  Cordaitaka, 
789;  of  Cycadkmdm  dmimif  784; 
of  771,  773;  of 

Cym»f  766  f. :  disposal  of,  ^  ff. ; 
tad  fruit,  294  ff *,  299 ;  germination 
of,  m,  318 ff.;  of  793  t; 

of  GmMm  811;  of  JDi^wopfem, 
774;  of  745;  origin  of, 

777  ff. ;  rwt^od  of,  319 se¬ 
ction  of,  dm  L ;  of  Spmmbph^ 
;  of  774 ; 

•tow^e  In,  57,  779;  of  Tm^mOf 

<mli,  W  t 


866  - 


The  Plant  King<hmi 


ff. 

SelMertilization,  279,  f* 
Self-prumng,  192 

&mi|>€rmeikbie  menibrAKt,  cifM^rAtioa 
of,  m  If. 

Sensitivi  plant,  U3 
Sepals,  27fi,  294 
Septa,  6S4 

796,  S37 
Swsilelmf,  42 
Sex,  inheritanee  of,  |4i  f. 

Sexuality,  269;  of  fiower%  274 1; 
green  alp«|  49S;  uf  Fqrmwfm  mn* 
Inew,  604  L ;  signibmncc  uf,  HIH  f. 
Shield  budding,  176 
Sieve  plat«»,,  167 
Sieve  tub«i  IMI  i  „ 

SfirillanX  740,743!,,  mi 
Sificie,  8iliC|ue, 

Sit,  2li 

Stoptelerf,  42f.^ 

Simple  prot4dn8,  62  L  . 

Siphon,  mi 

S%phmmk$,imil.;  relattottibip  of, 

.  494f!.,a» 

StpAonocMinlci,  4^  i. 
Siphono«tek,'6HH.,690 
Smiimkm$php!hf  106 
Smuts,  644  ft#  ' 

Soil,  charaetwMtca  of,  209  f.;  eom- 
position  of,  19 :  cultivation  of,  21^; 
humus  in,  218;  structure  of,  216; 
texture  of,  215 ;  wntrar  ia,  9,  204, 
215  f.;  w^it^,  21? 

Sore#,,  TO 
“  Mil 

.fpathe,  279,285 
OfTOVKsI,  14  f.,  388 
%)mstia.,  638 

13,  248.  Ml.  m, 
753  ft.  i^cwpermi,  813 

spomasis  sad  spmm  of,  7S3  f. 
SpmBStoxoWs,  362,  452;  of  Cmdch 
$^eaks,  77s;  m  Ci/tm,  766;  of 

’ - ,  713;  of  fern,  6W;  of 

If.!  of 


422,407 

if* 

iSt  M  ^  ijBt  1  sieiL 


Spynmt^n<^  771 

Spike,  77H 

S|ni«‘i«,  h•aYf^»  niodifit'il  fn,  Ui  f. ; 
It^rfinn  h\\  lll»  of  Amnfhm 
slin/filajiJ,  1 12 :  id  y.wh*  11^%,.!'^  1 12 
Spirulum  fimm,  371  I, 

Spimp^wh  4tkl  ff. ;  trhUvtm  td,  479  f, 
^piTiiphiiUum, 

Hptmhmi,  :i9K 

436  f. 

t'^IKUigy  rlilMtrfifliymit,  :il  f,  ;  finir. 

fi*m  of,  ;i7s  m4  til  ff, 

S|«»riwigiopinin\ 

S|^tmiigsiiin«  362*  SHSf,;  of  Anihitf* 
fm,  iWhS;  of  iitiihrMrmhm,  741 :  of 
Ti7l\;  of  rwni/friil#^* 
7m;  of  i)ifm,  762:  ol  tmm,  tlH\ 
6H9L,  imn,;  of  Fumtmh  IIH2;  of 

;  of 

7«i;  Ilf  Pifrukiiihyhi,  tlH7j  of 
Hihqmrih,  731  ft, 

H|wi\  362,  ;i7tH  ;  of 

;  td  idur^grmt  olgar, 
id  C’fikmilw*  Till;  of  r‘irii5f,  7l|*i; 
«f  Emmtiunh  712:  of  forttf*  i¥Mi; 

nf  MmmiiifHis,  ;  of  tmtio 

mni.;  n(  Sfhqmflim,  731;  of 
tl45:  of  77kt 

Hfainmarp  t»f  Mmmlm,  TI9,  TT/i 
72 i 

Hpiropliylk,  id  Miitonirritt#,  Mil;  of 
Vdmmitm,  7 ll»  7 III ;  ut  riivfc^iwilr.t, 
,,,  ili;  tif  rywii,  7W<  77# f. ; 

«ii  iliitiiml#,  7«i;  of  Ftimlm, 
nf  piiia  Wit;  of 

Min  f. ;  «f 

i&l ;  iii  aiwl 

7ii;  Ilf  fvrti,  m%«.,  mm,  m\;  J 
llf|wliW»  tWf*  l  of  imm§m»  7;»f4 
nf  Mitfrtoultiit  ttei  ;  wf  t  nioWi 

mi  I  nf  mi  mi  nm^ 

J  Mfkpmkh  im 

■  7l4f, 

ofww  wf,  278;  Ittwr  wf.  47; 

«f,  m.  324  j  «#»  |d*t^  O. 

«l,  IW;  ta»4i4  *»f.  IW 

'  **'  #'tlT 

ft  #1  #  ' 

im 

«f.;  «4  Mw». 
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